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Page 16, Figure 4: 
The figure originally printed should be re
placed with the graph shown on the reverse 
side of this page. 

Page 17, Table 8, heading for 
third column from the left: 
For Mean *% 
ReadMean *g 

Page 29, right column, second sentence: 
For Cladina alpestris, on the other hand, is 
a less preferred reindeer forage in Scandi
navia and northwestern Manitoba (Scotter, 
1965c), .... 
Read Cladina alpestris, on the other hand, 
is considered questionable as a preferred 
forage in Scandinavia and northwestern 
Manitoba (Scotter, 1965c), .... 

Page 31, middle column, end of first sen
tence in last paragraph: 
For .... which was slightly less th an Pegau 
(1968b) found on the Seward Peninsula in 
(c. rangiferina). 
Read .... which was slightly less than Pegau 
(1968b) found on the Seward Peninsula in 
Alaska at three locations, 4.3-5.8 
(c. alpestris) and 5.0-5.8 (c. rangiferina). 

Part 3: 
Taiga winter 
range 
relationships 
anddiet 
by Donald R. Miller 

Canadian Wildlife Service 
Report Series Number 36 

Page 32, left column, first paragraph, end 
of first sentence: 
For .... , somewhat less than Beckel's es ti
mate of 0.25 per cent for approximately the 
same area during the 20-year period 
1935-66 (Table 16). 
Read .... , somewhat less than Beckel's esti
mate of 0.25 per cent for approximately the 
same area during the 20-year period 
1935-55 (Table 16). 

Page 32, left column, first paragraph, 
second sentence: 
For In contrast, forest fires burned an esti
mated 0.87 per cent ofland area annually 
from 1940 to 1955 on a study area in north
central Saskatchewan (Scotter, 1964). 
Read In contrast, forest fires burned an 
estimated 0.87 per cent of land area annu
ally from 1945 to 1959 on a study area in 
northcentral Saskatchewan (Scotter, 1964). 
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Figure 4 
Lichen standing crop plotted aga in st age of tree 
stand on study sites 
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Cover: Caribou trail in mid winter to feeding site 
in semi·open Bpruce, northwestern Manitoba. 
Note the muzzle marks along the trail where car
ibou searchcd for thc scent of forage beneath 
thesnow. 
Photo by Donald R. Miller 
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}>erspcctive 
Barren-ground caribou in northern 

Canada numbered about three million in 
primitive times. The introduction of lire
arms to the native people, the arrivai of 
whalers in the mid-19th eentury, and thc 
demand for northern furs in th~ early 20th 
centurv aIl contributed to an increase in the 
armua{kill of caribou. The caribou popula
tion declined locallv as earlv as the mid 
1800s and range-wide arter 1900. By 1948-
49 aerial survevs showed only an estimated 
670,000 caribo~u. The decrea~e cOlltÎnued 
until1955 when numbers stabilized. During 
that lime caribou studies monitored the 
decline and identified sorne of the factors 
respo,nsible. The need for more compre
hensive information and the concern of 
several conservation agencies led the CWS 
to initiale an intensive study of caribou in 
1966. The study lasted 2Yz years and ceu
tered on the Kaminuriak Population, an 
accessiblc population with a relatively con
fined range. The study was in four parts: 
total numbers, mortality, recruitment and 
seasonal dis tribu tion; sex and age compo
sition; seasonal physieal and reproductive 
condition; and winter range evaluation. A 
CWS biologist was rcsponsible for each 
section, but the gume agencies of 1'[anitoba, 
Saskatchewan, Alberta, and Northwest 
Territories (NWT) al! contribuled person
nel aL various stages. 

Abstract 
The winter range of barren-groundcari

bou in northwestern Manitoba was studied 
to learn what potential forage was available, 
and how wealher, in particular snow condi
tions, affected thc foraging of caribou. 

The potential forage was determined 
from standing crop and percentage cover of 
green plants and lichens in study plots. 
Feeding caribou were observed, and plants 
were collected from feeding craters and 
enclosures. Further evidencc and confirma
tion of observed feeding habits were ob
tained bv an analvsis of rumen contents. 

The result; of climatic measurements, 
especially of snow deplh and crust hard-

ness, eXplained the sudden changes observ
ed in caribou die!. The diet changed from 
predominantly terrestriallicheus and grass
like plants in early win ter to arboreallichens 
and woody browse in late win ter when the 
snow crusl preven ted caribou from digging 
craters. As the snow thawed the caribou 
fed heavily on exposed plants and lichens 
especially along the spring migration 
routes. Otherwise there was no evidence 
that the caribou were exerting pressure on 
their win ter range forage. Aerial photo
graphs, evidence of rates of lichen recovery, 
and knowledge of feeding habils allowed 
sorne general conclusions to be drawn 
about the capability of the winter 
support caribou. In particular forest 
are beneficial in that they increase the 
hetel'ogeueity of the plant cover and favour 
lhe growth of sorne lichens whieh OCClU in 
early successîpnal stages. There is a plenti
fui supply of forage in the area despite 
caribou use and fires. Suow cover rather 
th an sCaI'city of limits the capacity 
of Ihe taïga tü support caribou. 

Hésumé 
On a étudié l'habitat hivernal du 

caribou des toundras dans le nord-ouest 
du Manitoba pour en déterminer les dis
ponibilités de pâture et comment les con
ditions météorologiques, la neige surtout, 
pouvaient influer sur le régime alimentaire 
de cet animal. 

Les disponibilités fourragères ont 
été déterminées à partir du peuplement sur 
pied et du pourcentage de couverture du 
sol par les plantes vertes et les lichens en 
parcelles d'observation. On a observé les 
caribous en pâture, et on a recueilli des 
plantes dans les entonnoirs et cuvettes où 
ils se nourrissent. L'analyse du contenu du 
rumen a apporté d'autres renseignements 
qui ont confirmé les observations de ses 
habitudes alimentaires que nous avions 
effectuées sur le terrain. 

Les données climatologiques, notam-
men t l'épaisseur de la et la dureté de 
la croûte de surface, ont permis d'expliquer 
les variations brusques constatées dans le 

-----------------------------------------------------------------------------

régime alimentaire du caribou. Composé 
surtout de lichens terrestres et de plantes 
herbacées au début de l'hiver, le régime 
comportait, à la fin, des lichens arboricoles 
et des ramilles quand la croûte de neige 
empêchait le caribou de creuser des enton
noirs. À la fonte des neiges, les caribous 
faisaient grande consommation des végé
taux et lichens exposés, surtout le long des 
voies de migration printanière. Rien d'autre 
n'indique que les caribous exercent une 
pression sur leurs pâturages d'hiver. Les 
photographies aériennes, des indices sur les 
taux de repousse des lichens et la connais
sance des habitudes alimentaires du caribou 
ont permis de tirer certaines conclusions 
générales sur les possibilités fourragères 
de ses pâturages d'hiver. Les feux de forêts 
en particulier le servent en rendant la vé
gétation plus hétérogène et en favorisant 
la croissance de certains lichens qui appa
raissent aux stades initiaux de la régénéra-
tion de la La région ne manque pas 
de pâture malgré tant l'emploi qu'en fait le 
caribou que les feux. C'est l'enneigement 
plutôt que la rareté des ressources four
ragères qui limite la capacité qu'a la taïga 
d'entretenir le caribou. 

AÔCTpaHT 
IIpOBO,!J;H.,lIHCb HCCJI€)J.oBaHHE 3HMHIIX 

rracTôlIIq K:apHôy Ha 6eCllJTO)J.HhIX ae~[
JIEX C'eBepO-3arra,IlHOH MaIl.llTOÔhI C :u;eJIhIO 

Ha..~O.ïiC,!J,ellll'JI IW!nfOBOH Ôa3hI, a TaJ:tiR.e 

H3yqelllie B.JIIDUIIIJI rrOI"'Op:hI, B QaCTHO>CTlI, 

CHC:Ilï:Horo rrepHüLJ;a, Ha IIlITaHH€ Kapu6y. 

B I~aqe(HBe KOpMGBOH Ôa3bI ÔbIJIH 

rrpHHETbI pa.creHHJI ua lwpmo II traCTlIQ

HO SCJI€HhI-e paCYI'eIIIIH II ,lUrmaHmnm Ha 

Hsyqa€MhIX yqacTKax. TIpOBO,ll.II,lllICh Ha

ô,mo,n:emLH 3a KapH6y, rrpIIHIDfaTOm;I:fX 

InIII~y, Cü6UpaJIlICb paCTeHII5I us JIyUOK 

II Ol'pap:, IIpe,ll.Ha3HatI€nHHX ,ll..1I5I KOPM

JIeH'H5I. JI.aJIbHCHlIIIIC IIO,ll.TBep.ïit,ll.eHIDI 

Ha6JIIOIl,aCJ\fhlX HaBhIROB IIllTaHHJI ÔhIJIH 

IIOJlJnml1bl B pesyJIbrarC HOc.rre,1l,OBaHHJI 

CO):/jepJIŒJ\WI'O py6:u;a. 

RJŒMaTutIeCKUe H3MeHeHHJI, B oc

HOBHOM l'JIy6JIHa CHerOBOI'O rrOKpOBa JI 

TBCpn;OCTb I\OpIŒ, OÔ':bHClllWH neOJKH,1l,aH-

HhIe Hs'::\œHeHH5I Il rrnTaHIIH I\apH6y. TIH

TaHH€ KapH6y, CoOCT05IBmee paHbme ID3 

uaS€'MHbIX JlIIllIaHmnWn JI TpaB5IUIrCTbIX 

paCTemll1 B rrepHO,1l, paHHeH SHMbI, CTll.J'IO 

CO)J.epmaTh ,1l,pCB'eCHble JIHIIH1ÏtlIIrJ{II H MO

JIO)J.ble IJ106ern IllO'J,'.I,lfl:H S·H:AWH, KOI',1l,a 

OHlCnt'lfaH RopKa Ile HOSBO.JIJIJla KapR6y 

pbITh yr'JIy6.rreHH5I C I~€.'IblO Haxom,1l,€HIDI 

IEIIlIÇH. 110 Mepe TaHH:If5I OOCPOBOl'O IIOKpO

Ba KapJJ16y rrnTaJIlliCb npeJi1tfyIll,eCmelIlIO 

06Ha:Ht€'HHbI1ttn paCTeIllLH:\Hf JI JUIIIIaH

HIIKaMII, o006eHUO HO ,1l,opore BO BpeME 

Be'0eHH€H 1tlHl'paI1,HlI. He 6bIJIO CBII,!l;e

'1'eu'IhC"l'Ba ~JiJIeHHOrO OTbICKIITlanHE IOOp

Ma Ha SIDmCM nac~IIlIl;e. A3pOC".&eMKlI, 

Ha..lIHtuve oIlIIp;erCJIhCTBa 0 IlOCCT'alfû'BJIe

nJI:n mnnaÏIHIIRoB II 3naHIIe rrpUBhI'IeK 

Kopllfe:tItKU Impu6y IT03'B'OJlHJUI C,llle,lIaTb 

neKO'l'OphIe 06111,we 3aI\JIIOQeHUH 0 cno

CO:6HOCTII 3H~lHef'O nacT6HIlI,a rrpOIIlITaTb 

KapII6y. JI,ecHhI'e nOJ!taphl oco6eHIIo 6JIa

J10rrpH5ITHhI B STOM 01'HOmeHHII, TaK KaK 

OHH YBc"lJI'IIIBaIOT pa:mopO,ll.HOCTb paCTe

HHeBüJ10 noxpOBa JI CITOC06CTBylOT pOCTy 

JIIIIlIaHIUII\OB, ItOTOpl,re rrOHRJIJIIOTCJI B 

paHHHX rroc.rre,1l,OBaTe.'IbHhIX CTa,Ll,IUIX, B 
1'aKHX paiîoHax, HeClIfOTpJI ua rrOJltaphl, 

I\apH6y Hax{),èJ,HT II306uJIIIe RopMa. Oc

HOBHbIM qmKTopOM,orpalmqIl'IlaIOIlI,II'M 

crrooo6HO'ÜTb TaÏrPH rrpomrraTh KapH6y, 

JIBclIJIeTC5I ne Ue,1l,OCTaTOK Ko:p:lra, a Hll.JIH
'lUe cnerOItOl'O nOKpOBa. 

Introduetion 

Caribou win ter on the the far 
northern boreal forest. Winter range is a 
possible factor limiting caribou populations 
and f orest fires have reduced its capacity to 
support caribou. Therefore CWS included 
a study of the win ter range in their inten
sive investigation of the biology of the 
Kaminuriak Population. The objectives of 
the sludy were to appraise the amount and 
quality of vegelation on the win ter range, to 
relate seasonal changes in caribou food 
habits to availability, to estimate capacity 
of the taiga to sustain current use, and to 
collect data on the ph ysical environment 
especiall y snow conditions. Since caribou 
use the taiga only during win ter, 1 separat
ed the food habits sludy into four periods 
according to snow characteristics: early 
win ter, a period of snow accumulation and 
no major restrictions to caribou move
menls; mid winter, a period of continued 
snow accumulation and major restrictions 
to caribou movements by deep and wind
crustcd snow; late win ter, a period when 
the snow forms a ha rd crust because of 
alternatÎng freezing and thawing; and 
spring, when suow crusts deteriorate and 
depths decrease. 1 ineluded information on 
forage use on the tundra and the ecotone 
between tundra and taiga to the reader 
a more complete picture of caribou's 
food habits. 
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Studyarea 

The study area was the part of the Figure l 

taiga inhabitcd by caribou of the Kami
nuriak Population du ring the study. 1 did 
ail vegetation studies in northwestern 
Manitoba, cxcept for analyses of sorne 
cratcr sites innortheast Saskatchewan. 

The win ter range of the Kaminuriak 
Population, according to tagged caribou 
returns (Miller and Robertson, 1967) lies 
almost completely in forest (called the 
Nort Ilwestcrn Transition Section by Rowe, 
1959). A small port ion of the 'l'inter range 
extcnds northwest into the Forest-Tundra 
Section, a transition zonc between the 
suLarctic forest and tundra (Fig.l). 

The landscape is pattern cd with ail 
thc forms of glacially moulded drift over
Iying Precambrian granitcs and gneisses. 
The two major land forms (Ri tchie, 1962) 
are patternlcss and drumlinizcd drift plains. 
ln pallcrnlcss drift plains the relief is 1011' 

and rolling with extensive bogs Letween 
drumlins, rock outcrops and major mor
aincs. ln drumlinized drift plains the relief 
is modcratc with extensivc elongated bogs 
and occasional fens in the depressions 
Lctwcen ridges. 

Soils are mainl yJine and coarse 
sand. Podzols arc common on the better 
drained si tes. The main portion of the area 
Iics within the discontinuous permafrost 
regioll wi th the northwest corner in the 
region of continuous permafrost (Brown, 
1960). 

The vegetation is a mosaic offorest 
muskeg and fen cut aeross by sandy eskers 
and areas of open Il'ater. The most abund
ant tree is black spruce (Picea mariana). 
Jack pine (Pinus banksial1a) is abundant on 
upland sites in the sou thern part of the 
range. Whitc spruce (Piceaglauca) grows 
on thc favourable soils of eskers and sand 
plains. W hi tc birch (Betula PIlPyrifera) is 
oftcll found in association with spruce and 
pine on dry sites, and tamarack (Larix 
l([ricina) with sprucc on wet sites. White 
aspen (PojJulus trelnuloides) and balsam 
poplar (PojJulus balsrllnifera) are uncom
mon, growing onl)' on sheltered sites. \Vil
lo\\'s (Salix spp.), d \l'arf birch (Betula spp.), 
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Figure l 
Forest regions in the range of" the Kaminuriak 
caribou population (after Rowe, 1959) 
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aIder (Alnus crispa), scat tered white birch, 
and tamarack border the lakes and streams. 

Dominating the shrub vegetation on 
upland sites are the erieoid.shrubs Tilc
ciniuln vitis-idaca, V. uligil1os11m, and Lcdum 
grocl1lal1dicum in the north, and v.- myrtil
loides in the south. Charnaedaphne caly
culata, Kalrniapolifolia, and Al1dromeda 
polifolia are common in 'l'et sites. In the 
fens, along lake and stream shores are 
Calarnagrostis carzadcllsis, Carcx spp., and 
Scirpus spp., with Eriophorum spp., lUIlClls 
spp., and Equisetzzmjluviatilc locally abund
ant. 

Ground cover on many upland sites 
is made up of dense lic;hen mats. The major 
lichen species at these sites in the drumli
nized drift plains, aeeording to Scotter 
(1965a), are Cladina mitis, Cladina rangi
ferina, Cladina alpestris, Cladonia amau
rocraea, and Cladonia uncialis. Cladonia 
gracilis can be added to. this Iist in the 
patternless drift plains. The feather mosses, 
principally Hylocornium splcI/dens, Plcuro
zium schrcberi, Ptilium spp., Dicranum spp., 
and Polytrichum spp. are common in the 
ground coyer of the better drained si tes 
along with the liverwort Ptilidium ciliare. 
Sphagnurn spp. dominate the mosses on wet 
sites. 

\Vinters are long and severe, and 
summers are short, dry, and cool. Annual 
precipitation is about 38 cm and falls main
Iy in the warmest months, July and August. 
Minimum precipitation occurs in February. 
The total snowfall is abou t 152 cm, and the 
period with the largest accumulation on the 
ground is in February and March. 

Study periods 

1 did field work in ail seasons exeept 
freeze-up and break-up. 1 observed food 
habits, weather, and snow during early, 
mid, and late win ter and spring, from 1966 
to 1968. In carly summer, 1 assessed eon
dition of sites u~ed as feeding craters during 
the previous win ter and measured tree 
coyer and lichen standing crop. 1 measured 
and collected vascular plants and observed 
recovcry of plants on disturbed sites at the 
end of summer. 1 made a preliminary field 
trip ill mid summer 1966 to test various 
methods of sampling vegetation and to be
come familiar with the habitat and signs of 
caribou winter activities. 
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Seasonal 
availability 
of vegetation 

1 surve)cd the \l'inter forage to assess 
th e types a nd a reas of habit a ts, and the 
distribution, quantity, and qualit y of th e 
potential fora ge within th e habitat types . 

1. i\Iethods 
1.1. Aeri a l photography 

An area o f 12,106 km ' was ph oto
gra ph ed in colo ur fr om th e air during Jate 
Jun e and Jul y 1967 at an altitude of abo ut 
2,743 m. Sca'le of th e ph o tograp hs was 
1:15,840. 

Th e a rea ph otographed includ ed th e 
entire Whiskey Jac k Lake T opograp hi c Map 
S heet64K o eNTS l:250,000Series, pub
li s hed in 1962 by th e Surveys and Mapping 
Branch, Deparll1lcnt of Min es andTechllical 
Surveys, O tt awa. The same area had been 
photographed in black-and-\,'hit e during 
Jul y a nd August 1955 at a scale o f 1:60,000, 
a nd th e plant cover of 11,432 km ' had been 
int e rpre ted a nd mapped (Becke\' 1958). 

M. R. R obinso n interpreted th e 
co loured ae ri a l photographs. H e marked 
th e fo ll owin g habitat types with India ink 
on one of the s te reo pairs: 
Sparse sprll ce 
Den se sp ru ce 
Sparse jack pine 
Treed swamp (birch draws) 
Meadows (fens) 
Recent burn 
Wat er 
Miscellan eo us 

Boulder fi e lds 
Sma ll islands of mixed hab itat 
Cabin commuIlity sites 

Minimum s ize of any one habita t type 
ma rk ed \Vas 2 acres and a dot gr id ove rl ay 
"'as used to determine a Ct'eages a t a rate of 
one dot eq ua ls 0.5 acres. 

1.2. S tud y plot s 
1 se lected s ites fo r vege ta ti ona l 

s tudi es in fo ur areas of traditi o na l ca ribou 
win te r range in northwcs te rn Manitoba. 
Crown ca nop)' and drainage conditi ons 
served as a basis for catego rizing cover 
types. 1 a llo tted the number ofsites in each 

JO 

cove r type OII th e basis of i ts comparati ve 
abulldall ce as fo ll o\\' s: 
Uplancl spru ~e 8 s tu dy si tes 

Lo wland spru ce 6 stuuy s ites 

Ja ck pin/' 6 stucly s ites 

Spruee an d jack pine 5 s tud y si tes 

1 sampl ed the vege ta tion of each study 
sit e in a 5 x 25 m plot, ca ll ed the macrop lot. 
No more tha n 10 m from each macropl ot 1 
mark ed a second pl ot of th e same size on 
contour with the firs t plo t. Both plo ts were 
mark ed with s ta kes. 1 removed no vegetation 
from th e second pl ot but left it undi s turbed 
fo r future rcference. 

ln both the ma croplot and th e repli
ca te, 1 count ed trees ta ll er than 2 m. 1 mea
s ured height a lld diameter at breast he ight 
(d .b.h) of fiv e large tl'ees in or adj acen t to 
th e tw o macroplots and de termin ed age of 
th e s ta nd by takin g core sampl es fr om tw o 
or more dominan t trees a t abou t 30 cm 
above th e ground. 1 c ut down occasional 
trees a nd de termin ed the age of th e butts 
lI s in g a ha nd lens. 

Within each mac roplot 1 sam pIed 
the intermediate and gr ound cover fr om 20 
1_m 2 mic roplo ts se lec ted at random. 1 es 
limated th e co ver \,' ilh th e lise of a fram e 
(Daubenmil'e, 1959) , 20 x 50 cm, placed in 
the lower ldt -hand corner o f each micro 
plot. The can opy cove rage of each spec ies 
,,'as es tima ted according to six classes: less 
than 5, 5 to 25, 25 1050, 50 to 75 , 75 to 95, 
a nd more than 95 per cent. The to lal cover 
ca n exceed 100 pe r cen t by this method be
cause sorne pla nt s grow over th e tops of 
others, as for example, li chens covering 
mosses. 

1 meas ured rela tive ab undance and 
s tanding cl'ops of li c hens in a dm' divot 
sa mple selec ted from within the lichen por
ti on of gro und cove r in each of th e 20 mi
croplots. 1 es lima ted cover of each of th e 
li chen ge nera, Cladùw, Cladonia., Siereocau
Lon, Cetraria, and Pcltigira, acco rding to four 
classes - Iess lha n 25, 25 to 50, 50 to 75, 
and more Ihan 75 pe r cent a nd Ihe cover of 
individual spec ies accol'd ing to six classes 
-less than l , 1 to 4,5 to 9,10102'1,25 to 
49, and more than 50 per cent. 

1 co unted mus hrooms sys tema ti ca ll y 
in each macroplot during la te summ er. 

1 a lso sampled in 1967, s ix fenced 
encl osures, which had been cons tru c ted at 
two widely separated a reas of caribou winter 
range in northwestern Ma nitoba during 
1964 and 1965 (Engen, 1964 a nd 1965).1 
staked a macroplot within each of th e 
1,012-m ' enclosures as at th e s tudy sites, 
and 1 sampled it similarl y except that 1 ex· 
tracted 10 instead of 20 di vot samples, and 
co ll ec ted no soil samples. 1 se lec ted one 
s tud y sit e adjacent to each en closure, and 
used th e so il samples and tree cover mea· 
surements from it to rcpresent both th e 
fenced a nd lInfen ced sites. 

1 obse rved pla nt recove r)' on 25 1-m 2 

plots from which l had removed plants for 
measu rement of s ta ndin g c rop a nd nu t ri
tional ana lys is. 1 es tabli shed nine of the 
plots nea r to, but not within, macrop lots 
on s tudy sites. Six plots represented the 
li chen forage found at th e enclosures, a nd 
10 plots represented spec ifie s it es o r li chen 
commllnities. 1 photographed the plots in 
co lour and black-and-white a ft er removing 
the pl ants . 1 es tima ted plant recovery visu
ally and photographed it during subsequent 
observa ti ons . 

1.3. Li chen growt h on ca ribo u pellets 
ln Jun e 1967 1 ma rked 18 ca ribou 

pell e t (feces) gro ups fr om th e previous 
winter in th e vicinity of ca ribou enclosu re 
No. 4 a t Lac Brochet a nd tra nsported one 
gro up ins ide the enclosure. 1 examined the 
pellets aga in in September 1968 a nd 1969. 

1.4. S tanding crop and nutrili ona l 
ana lysis 
1 used dm 2 di vo t samples (as de

scribed above, 20 in each unfenced macro
plot a nd 10 in each enclos ure) to es timate 
s ta nding cr op of terres tria lli chens. 1 tra ns
port ed each div o t sample to the labol'a tory 
and sepa rated each into li chen and n on
li c hen components. 1 air-dri ed a nd weighed 
th e li c hen . 

1 ha nd picked samples o f forage spe
c ies for chemical anal yses and meas urement 

Tabkl 
Proportions or lll ajor land and cove r types o f 
12, 106 km 2 or ca ribou win te r r ange in Il o rthwestern 
Maniloba' , as int erpre tcd l'rom c l~ l o \J red ae ri a l 
pholographs . Jun e and l ui ." 1967 

P or lio ll or 
reg ioll mappcd 

Nor theas t qUal' t!' r 

So uthw es t qu a rl ", 

So uth cas t qu artp r 

To tal ar ea 

(hertarps) 

::>1 1,400 

267,7 10 

3 U:l,~49 

312,7 1b 

En tir e regio n 1,210,67:; 

• Map s hect M K (Whiskey Jack Lak!'), Ca narJian 
topograp hi ea l maps 1:250,000 se ri es , Dcpa rlm cnl 
or Ene rgy, Minps a nd Reso urces. 

of s ta ndill g crop from 25 1-m 2 pl o ts de
scribed in "S tudy pl ots," and partially a ir
dried th em in the fi eld. In th e labora lory, 
fore ign ma leri al was r cmo ved aIld air-dri ed 
a nd lhe pure samples wei ghed. A lOO-gram 
subsamplc fr om enc h 1-m ' pl OI s upporlill g 
over 100 g of pure snmple was analysed 
fo r energy a nd protein. 

The samples were ground, air-dried, 
and anal)'sed using a calorimeter ta deter
min e energy, and micro-Kj elda hl techIlique 
for lJilrogen conlent. Th e same lechni-
ques were used on additi o llal sa mples of 
CLadina aLpestris and C. ral/gifl'ril/a co l\ ec ted 
fr om dense s tand s and di vided into li ving 
a lld non.living comp onenl s for sepa ra te 
energy a nd nilroge n anal yses. 

2. Hes ults 
2.1. Aeria l ph o tog rap hy a nd occurrence 

of fires 
Int e rpre la ti on of co loured s ter eo

pholographs of 12,106 km ' in n orthwestern 
Ma nitoba showed tha t the area is compri sed 
of abOlit 20 per cent wal er alld 80 pe r cent 
la nd . The la nd s urfa ce inc ludes about equal 
propo rtions of upland , with 80 pe l' cent 
spru ce and 20 pel' cen t jack pine, altd low
lalld, with 80 pe l' cent muskeg and 20 per 
cent meadow (fen in Scandinavian a nd Rus· 
s ian lit erat ure) (Fig. 2). The upland is dom
inaled by semi -open to open ca nopy a nd a 

Low land 

Birch 
Mu skeg Jr aw 

24 

23 

26 

38 T r 

28 Tr 

Fig ure 2 

1 / 5 water 

Fi:,:ul"c 2 
Proport io ns or llIajor land " n" co ve r types of a 
12,l06.km 2 arra of ca ribou winlN range in nor th
wes tern ManitolJa as uete rmilleJ Ly air pho to inte r
prc ta tio ll 

E:xtent o r land or cove r type, as per cen t o r to ta l 

Up lalld 

Spru cc Jack pine 

Rec ent 
l'''feado w Sparse Dense Sparse D!'ns!' bum Water 

7 30 3 3 l 7 24 

6 3 j 2 2 9 JB 
5 2B U 2 4 20 

7 33 Tr 6 Tr 2 14 

6 32 2 6 2 5 19 

2/5 lo wland 2/5 upland 
l part m eadow-4 parts muskeg 1 part jackpine-4 par ts spruce 
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· Figure:\ 
Arcus burnt by l'orest lires OIl Il,4:32.km 2 area of 
caribou range in Ilorthwcste!'l1 Manitoba between 
195.5 and 1967, and areas with conif'er reproduction 
less than 03 III hil!:h and betwcen 0.3 and 1.8 m 
high in 1955 (aflc'; Beekel, 1958) 

_ Forest rires 1955 to 1967 
[[[[]]]]]] Forest lires conifer trees 1 ft. tall1955 
c=:::::J .Forest lires 

ri ch lichen ground caver. A sparse caver of 
stuntcd black sprucc interspersed with mea
dows oecurs on muskegs in lowland areas. 

The proport ions of landform and 
eover vary in di/Teren t parts of the area 
mapped (l'able 1).1n the northwest there is 
a greater area of water large streams and 
lakes. ln the southeast is the greatest land 
area illcIuding much muskeg whercas in the 
southwest lIpland jack pine stands dominate 
the landscape. The HumLer of jack pille 

]2 

stands is iHversely proporüonalto the ex· 
tcntofrecent (1947-67) burns, theareanf 
stands being least in the nnrtheast where 
the area of reeellt Lurns is greatest. 

Based on Beekel's (1958) and my 
photographic interpreta!iol1s of a 11,432-
km' area, 47 fires from 1955 Lo 1967 (Fig. 3) 
had Imrned 2.1 per cent of the 9,200-km 2 

land area. Thus, approximately 0.2 per œnt 
of the land area, on average, had bUfned 
pel' year during the period, which, 

however, includes 1961, a year wh en forest 
lires in northern Manitoba were unusually 
l1umerous and extensive. 

A comparison of the loca tions of re
centl}' burnt areas with those reported by 
Beckel (1958) as supporting conifers under 
0.3 m tall and 0.3 Lo 1.8 m taU that 
sorne areas arc more susceptible to 
fires Lhan others (Fig. 3). 

1 attempu::d to disLinguish between 
rccent, nId and inLermediate-aged burns 
Lhat had occurred between 1955 and 1967, 
and 10 assess changes in the frequeney of 
rires in the area (Table 2). Although il is 
lIot safe Lo assume that the three 
reprcsented equal periods of time, the 
ures do not illdicate any major change in 
frequency or size of forest fires between 
1955 and 1967. Forest fires burned over 
LoLh lowland and upland regions, but from 
data for tllC southeast quarter of the photo
graphed area, upland regions \l'ere burned 
more t hanlowland. Of the 8,047 ha that 
had burned since 1955 in that quarter, 
5,619 ha were in upland regions. 

2.2. Vegetation on study plots 
Appendix 1 describes 25 plots and six 

enclosures on which 1 studied vegetation. 
The plots were located on sites representing 
1 he most eommon topographieal types of 
Lhe tl'eed portion of the winter range. 1 did 
not sample muskegs, meadows, or Lirch 
draws. 

The size and density of Lrees in the 
maeroplots varied eonsiderably within eaeh 
cover type (l'able 3). Age of the stands 
sampled ranged from 30 Lo 181 years. 

Lo\\' woody plants \l'cre more abun· 
dant on spruee than jack pi ne sites and on 
lowland in contrast to upland sites (Table 4, 
Appendix 2).1 found Vaccinium vitis-idaea 
011 ail study sites: it has the greatest ecolo
gical amplitude of any vaseular plant in the 
stlldy area. Ledwn groenlandicum and L. 
decumbens \l'cre abllndant in sprllcc stands 
and espeeially on lowland sites. 

Lichens dominated the grollnd coyer 
except on two lowland spruce plots where 
mosses covered the ground (Table 4, Ap-

The relative age, number and size range of forest 
fires that occurred in a 12,106-km2 area of north· 
western Manitoba between 1955 and 1967 as deter· 
mine.! from coloured aerial 

age 
of area bu;nt 

Most recent 

Table 3 
Mean and range of density, sizc, and age of trccs 
on and enclosures 

spruce 

Mean and range of cover estirnates (%) of plants 
oecurring on more than four study or en· 

No. of Liver· 

70-86 0-5 

153-946 
218 

89-4·22 

160-709 

89-] 

nium 
V. uligi· 

0-15 9-43 0·35 0-20 0-10 

burns Size 

50-10 

10-10.4 

6.0-9.9 

6.0-10.8 

Ledum Empe. 
trum 

0.8 0-<1 

7.9-14.4 65-181 

10-20 .58-132 

6.8-14 30-90 

9.1-17.0 38-139 

Geo-

o 0-37 
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T a bl e 5 
Mean and ra ll gr o r !,r 'Tr nt ag('s by ll'e ighl o r major 
li ch('n g('l1rr;l il1 s lu d)' plots al1d enc!os ur(' s 

No .o l 
l'l o I 1 l'pl' pluts CladirllL Clai/allia Slerpocal/ioll Cptraria f-1ellige ra 

Upl and sp ruc l' 7 * 78 . ' ~ 
:).8- 90 

Lo wl and spru cr 6 57 .5 
,1·2- 85 

Jllixed s pru l"~ .5 76.6 
and jac k pin r 70- 90 

Jack piue b 70.7 
S:I- CJ3 

Encl os ures () 77.3 
60- 90 

* Div o l sam pif''; Wf'f(' 11 01 ,·o ll f' ,·tr'd r .. o rn 1'101 8. 

Table 6 
l{e·es lauli s hment o f li c hens on J·m' plot s du r illg 
Ihe ~r s 12 7 Illon tl " uft ,.,. "{l mplelf' "clI ,o \" a l o r 
li che ns in Jun e 1967 

Me lre 
pl u l Li .. h" n <:o\'('I" 
n o . IWr/Hf' rf' mn\'a l 

1 Cladina a lpes/ris 

2 S/erporrlllion sPI' . 

3 Cladina fI'LI/{! i{Pr ina 

4 Ce/raria f/i u di s 

5 Mix ('d spp, 

6 Ivl iuil SP I" 
7 S/Preoca/llo/l ' pp. 

8 ' ;Vli xed spI', 

9 Mixed , pp, 
12 l'vIi xf' '' spp. 
13 Mi xf'd spp. 

14 Cladnn;a and Cladil/a spI'. 

16 CI,u1rmift (t ll d Clculill a spI' . 

17 Cludo f/; a a l1d Clar/il/ a spp. 

18 Cladonia an d Cladill a gpp. 

* 'l'wo inehes or lurf and m in ~ r a l so il remo""d. 

pl'ndix2). Lilie r, in cludin g need les, l\I'i gs, 
and cones, \l'as presen l on ail plo ls and par· 
li r: ularl y a bullda nt on lh e jac k pill e s iles, 

Th e bra nched CLadina spee ies -
oflen called n' indeer li chens - \l' ere dom
inanL Cladil/a milis, a li chen of earl y suc· 
eessiollal sl ages , \l'as th e mos t frequent and 
abundallt lichen spec ies, CLadina alpeslris 
and Cladùw ral/giferil/a, bo lh c limax spe
cies, ranked second and third in a bundance. 

16.6 
3 ·-:~3 

25 .5 
10-58 

HlA 
7- 28 

25.7 
5- 42 

17.2 
8- 28 

(1 ; CO \'('r o f 

prim ary 
Ih a lli 

.Iun r l 968 

15 

50 

10 

20 

1O 

5 

o 
5 

10 

5 
lU 
o 
o 
o 

1.1 
0- 8 

0.0 
0.0 

0.4 
0- 2 

1.6 
0-1O 

0.0 
0.0 

,1.7 U. O 
0- 9 0. 0 

1. 2 5.5 
0- 37 0-33 

4.6 0 .0 
0- 12 0 

2.0 0.0 
0 - 5 0. 0 

5 .5 0 .0 
0- J9 0.0 

~.~, COV(' f or % cnve r of 
prim ar~' secon dar)' 

th a lli Ihalli 
Se pt. 1969 Sq JI. 1969 

50 Tr 

75 50 

10- 15 Tr 

50 10 

50 Tr 

10 0 

10 0 

2 0 

50 T r 

25 0 

25 Tr 

lU TI' 

15 T r 

25 0 

25 Tr 

Cladollia l/n ciolis, ofl en assoc ia ted \l' ilh 
Cladil/ a mi/is, \" as comm Oll but sparse, C!a
donia gmciLis, a c up and ho rn species, and 
Ihe fo li osc Ccl mri(J \'T re s imilarl y freq uent 
bUI no l abundanL StereoC(Julon and Peltigera 
spec ies \l' cre generall~y' llncomm Oll th Ollgh 
locall )' ab ull da nl (Table 5, Appendi x 3) . 

M us hrooms were found on a il s ludy 
plo ts a nd en clos ures in 1967 and ail exce pt 
fo ur p lo ts in 1969 (Table 4), Th e lo\\'es t 

de lls it ies ofmu shrooms \,'e re fou nd on dry 
spr ll ce s il es and sorn e of Ih e spru ce·jack 
pill e s ites , Most mushrooms o bsen ed \l'ere 
small «5 cm). 

Lic hen regeneralion on den ll ded l·m ' 
plo ls bega n during the fir s t summ er \, i th 
inconsp icuous primar )' thalli growing in 
sma ll , sea ll e red g roups . Aft e r three s um
mers, secondaI')' thalli (pode lia) a ppea red 
in 10 o f 15 plo ts (Ta ble 6), Th e m os t rap id 
lic he n recovery occ ulTed on plo ls ",il h a 
deep hu m us layer and in semi·open to de nse 
eonifer oll s coyer, \l'here there \" as pro tee· 
ti on fr om \l'ind and midday sun. Lichen po· 
de li a \\'e re no t observed on Pl o ls 6 and 7 
whi ch \l' ere on exposed siles ",ilh s ha ll ow 
humu s layers . Li chen prima I' )' Iha lli grew 
on Pi o i 8 a ft e r tluee summers a ltho ugh th e 
turf a nd upper laye r of min e raI soil h ad 
been rem oved. T ha t plot \l'as ",dl protec ted 
from direc t ra)'s o f the aftern oo n s un a nd 
fr om str ong \l'i nds , 

Re·es tablis hm ent of vascular planl s 
on defoli a ted plOIS varied by species nnd 
according to th e ma terial removed. On 
Plots llA and llB Vaccinil/ln vi!is·idaea 
rp co ve rrd rap id ly a fte r 1 hree summ ers a l· 
lh o ugh EmpClmnl nigmnl sho\'Tdn o recov· 
er\' , Lcc/um ~roeI/L(/ndicl/l1/ gre'\' l'apidl)' after 
t\l:o s llmmers ",hen onl )' th e lea ves bad been 
rem oved, bllt ", here th e s tems \" ere remov
ed as "'e11 , recovery \" as slow. R em oval of 
Ledl/m s lems, however, appeared to ca use 
a response in th e g ro\\'th of the lichens Cla· 
dina rrlllgifcrill a, CLadil/a milis and Cladil/ a 
alpes/ris \\'hi ch g re \\' sparsdy under th e 
dense Lcdl/In co\'er. 

2.3. Li chen gro\\' 1 h on 
ca ri bou pell e ts 
In September 1968, t",o s umm ers 

afte r Ih e pe lle ts has been deposiled, th ey 
had disappeared Oll s iles \"h ere S/ereocaillon 
paschalc was th e domillnnt li chen, but were 
s till conspi cuollS wh ere Cladonia spp" Cla
dùw spp, and Ce/Ta ria Ilivalis \l'ere dom
inant. On Stereocau Lon sites lh e pellets had 
filtered clown 10 IIlP base of lh e podelia and 
\l'e re cove red ove r by th e uppe r pa r ts . In 
bo lh li chen commullili cs th e pelle ts bad 

Clatlinllllll't'strisg ... "" in l( i" bul\ · lik c d umps al 

Brod w t, Manituba, whcrc .. a ribou utili zat ion has 
no t O"" urr('J l'o r mll rc Ihan ha lr a l'(' nlur y, Th e 
a ulhor has o bs"I'\'('d thi s !, ro wlh 1'0 l'lU on ly among 
Ih" .... ('\' i .. "5 or bOllld rr firl ds wil h in Ih " 1I1ilized 
arra of th e taiga \\ intC'r r a n gf'. 

Table 7 
P ro lt'in and ,' nergy va illes of l'o rage pianI sampl t's 
take " in summer rrum l·m' pla iS. Prolei" is cal· 
c lllaled by JIlulti plyin g lo tal n ilrog('n by 6.25. Datf's 
given in ap pf' ndi x IJ.. 

Plol no. F" .. uge Iype 

Li"' l1 e /'l , 75 S;' Cladina a lpes/ris 

2 Li d u' n , Y5 Së S/ereOCClll lon fill sclrale 

:~ l.ir[WIl , 50';' Cladina rtJ/lgi/erin a 

4 LidH' lI , 50(" Cetraria I/ i ralis 

5 Li .. hen. mÎx"d 

6 Li l' h .. n , mixf'd 

7 Lir h<'Il , 75', S/I'reoca /tla/t !, ascltale 

9 Lidlf'll , m ixrrJ Clar/allia and Ce/rrtria 

10 Lpr!/tlll Krocn/twdic/tm 

11 A VacCÎlli/t m l, it is. idaea 

11 B Fmp e/rum /t igru m 

12 I. i,' hçn, mi xf'd 

13 LiclH'n . llIi Xf'd 

14 Li chen , m i x~d Cladoll ia and CladinrL 

16 Li chl 'n , mixf'(l 

17 Lic h(' n , m ixcd 

Hl 1.ic hen , mi xf'd 

20 Ca rex (u!/ta /ilis 

Pro te in. <;~ 

2,04 

10. 16 

2.00 

2.54 

3 ,9Y 

2.92 
6.,12 

2,71 

8,27 

5 .77 

6 .27 

2.82 

1.90 
2.24 

2.60 

2 ,10 

2.12 

6,54 

5.25 

l :UJ 

21 Ca rex (l qua/ ilis 
22 Er!/tisellln/ (1,:.:tt·::,';-(L-:/ ;..,.le-------------------:-:~7 

2'l Ledl/III {Iroenlandic/tlll 

2,5 Equisellllll j l/tc ia /ile 

* CClrrtria alpestris li\'(' podeli a 
dcad pOdf' li n 

• Cladil/ a rangi/erina li\,,, pot le tia 

• Addi tiona l samplt's . 
dead podel ia 

8.36 

6,76 

2.63 
1.82 

4. 14 
2. 18 

En ergy, 
k cal./ IOO g 

4.34 

480 

425 

426 

454 

416 

455 

43 1 

566 

509 

55 1 

433 

435 
4,3] 

437 

428 

434 

463 

452 

383 

569 

448 

356 
345 

366 
357 

Arborcalli chens on a jac k pine growing on an es ker 
at Ducharm e Lake, Man ilo ba, 
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retained their shape bu t had become smaller 
and covered by sm ail cracks. 

ln September 1969, wh en marked 
pellet groups were three summers old, thcy 
were no longer conspicuous in Cladonia, 
Cladina, and Cetraria lichen communities. 
On close examination the pellets were 
found, and on man y, primary lichen thalli 
had covered up to 10 per cent of the pellet 
surface area. The thalli were on the area of 
the pellet that was protected from direct ex
posure. On one pellet a podetium of nearly 
1 cm in length was growing among the pri. 
mary thalli. 1 also observed primary thalli 
on the sheltered sides of moose pellets' 
placed inside Enclosure No. 6, in June 1967, 
3 years earlier. Evidently lichen regenera
tion is quite rapid on certain substrates in 
favourable environments. 

2.4. Standing crop and nutritional 
analysis 
Chemical analyses of sub-samples 

from 1-m' plots showed that the protein 
content oflichens ranged from 20 to 122 
mg/g (means = 34 mg/g) and in vascular 
plants from 5 to 137 mg/g (mean = 68 
mg/g). The two Stereocaulon lichen samples 
were especially high in protein (82.9 mg/g) 
and energy (467 kcaljl00 g) as were au
tumn-collected samples of Ledum groenlan
diwm and Equiseturnflllviatilc. Protein con
tent of samples of the latter species varied 
widely. This might be explained by different 
collection periods. For example, Equisetum 
Sample 22 with t1"ice the pwtein content 
was collected before, and Equisetum Sample 
25 after, a heavy frost and light snow coyer. 
Appendix 4 shows the dates on 1"hich 1-m' 
plots were established, with locations and 
forage types. 

The energy content of dead podetia 
o~ Cladin.a alpestris and Cladina rangiferina 
dIffered httle from that of living podetia 
(Table 7), but protein content 1"as lower in 
dead podetia. 

Lichens at most plots appeared free 
of litLer at first glance. However more than 
two-thirds by weight of the material remov
ed from any single plot consisted oflitter. 
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Figure 4 
Libhen standing crop plotted against age of tree 
stand on stndy sites 

Figure 4 

Lichen standing crop 
(kg/ha x 103) 
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Table 8 
Estimation of standing cr op of terrestriallichens 
J'rom coyer measnrcments and weighls oflichf>n divots 

Plot 

End. 

2 

3 

4 

5 

6 
7 

8 

9 
10 

Il 

12 

13 

14 

105 

16 

17 

18 

19 
20 

2t 

22 

23 
24-

205 

1 Jack pine 

2 Jack pine 

Mean* % 
lichcn caver 

92 

81 

86 

81 
84 

79 

80 

59 

70 

21 

18 

82 

79 

70 
48 

Hl 

76 

77 
92 

62 

72 

79 

88 

80 

85 
HO 

3 Mixee! spruce 79 
and jack pine 

4 Upland spruce 86 

05 Uplano spruce 70 

6 Upland spruee 84 
• Based on 20 macroplols, one divot in each, except 

lrI macroplots no. 6 and 7 and Il, in whieh num
bers were 18, 19, and 16, respectively, 

Lichen material per 
dm'-divot in lichen coyer 

Mean* 
'l'o SE 

5.47 0.55 
7,:10 0.60 

7.42 0.37 
5,lH 0.400 

7.21 0.58 
7,54 0.70 

7.28 0,51 

4.65 0.39 
6,35 0.55 

3.37 0.50 

3.11 0.50 

6.39 0 . .53 
5,08 0.42 

5.79 0 . .52 

5.16 0.68 

6.s::l 0.45 
5,77 0.79 

5.70 0.32 
7,00 0.44 

6.0.1 0.46 

5.66 0,35 

.5.88 0.34 

4.71 0.43 
05.74 0.37 

6.72 0.37 

6.93 0.49 

SA8 0.62 

7.86 0,69 

7.88 0,80 

4.80 0.51 
6.36 0,505 

Standing crop, t 
kg/ha 

5,032 

5,9B 

6,381 

4,196 

6,056 

5,957 

5,824 

2,744 

4,445 

708 

560 
5,210 

4,013 

4,053 

2,477 

S,2H9 
4,3H5 

4)89 

6,440 
3,739 

4,0705 

4,6405 

3,Ot4 

05,051 

05,376 
5,H91 

4,384 

6,209 

6,777 
3,360 
5,343 

t Estimated by multiplying per ccnt lichen coyer by 
mean weight ol"lichen material per dm'-divot 
from lichcn coyer and con verting product to kg/ha 

Caribou 1"ould ingcst sorne litter along with 
lichens. 

1 found no relationship of the terres
trial lichen standing cr op with age of the 
stand over 30 l'cars. The local variation in 
standing crop 'and species composition of 
lichen stands could be at least partly asso
ciated with diffcrcnces in slope, drainage, 
aspect, trec canopy, and past use bl' caribou. 
The relatiollship between lichen sLanding 
cr op and age of the stand (Fig. 4) is possibly 
complicated by sorne or ail of those factors. 
The standing cr op of ail but two study sites 
ranged from 2,000 to 7,000 kg/ha with the 
greater amounts from the dry spruce sites 
(Table 8). T1"o wet spruce sites supported 
less than 800 kg/ha. 
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Forage Iltilization 

The previou s seCli on dcscribed th e 
potential [orage available to caribou in 
different habitai s. Thc [ollo\ling 5Cc l ion 
describes lhe [orage 011 whi c h th e ca ribou 
\l'ere secn [eeding or \,-ere kno\\"11 to haye 

[ed. 

1. Methods 
1.1. Wintcr forage u lilizali o n 

1 made aerial observations of hea \·ih· 
cratered siles during mid \l'inler according 

to habitat: 

Slream or lakr shores 

dellselv Ire/'d Uplan d 
sparsrl )' Irrrcl 10 Irrricss 

-L-o-w.,..la-n-J,-----/-:',p' nsel l' trced 
sparse'l y Ireeel to Irrr iess 
open muskrp ancl meil;.:.clo.:..,_l"s=-___ _ 

1 obsen'ed caribou [('eding beha\'
iour, feeding s iles, and [ecding perioe! 
movemcnls durin g al! \l' inter trips, using 
binoculars, a tripod-mount ed lel escope, 
and a Hashlight, somt,times also a blind 
built o[ s no\l·. 

1.2. Feeding craler observalions and 
enclos ures 
1 examin cd fresl, sno\\" cra ters dug by 

foraging ca ribou and record ed 1 he , peries 
occurrence o[ brO\,see! plants. 1 also re
co rdee! s igns of [resh bro\\'si ng on lall 
shrubs, trees, and on arboreallichens. 
1 co ll ec ted sampI es of brO\l'sed shrubs a nd 
grazed lichens, forbs, and grasslike plants' 
fOllnd in fresh eraters. 1 follo\l'ed manl' 
miles of caribou trails to colleet feed ing 
iJlformal ion. 

1 cons tructed 15 enclos ures on cm , 
tcret.! sites in winter and one in s umm e r to 
obsf'rye the e/fects of caribou on [orage 
during win ter and the subsequent recover)' 
of thl' plant;;. The enclosures, from 70 to 
900 m ", wpre in heavily cralered sites in 
tree!ess to dcnsel)' treed types . 

1 Herc and lal('r in Ihe text grasslike planls refers to: 
Equiselnreae, primurily Eqlliset/lmflnvialile; Grami
nae, primarily Ca.lamagrostis canadcnsis; and 
CypcraccilP, primarily Carex aqllalilis . 
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Within lh e enclosures 1 marked ill
dividual eral e rs b\' a tripod ofsapling~ lied 
logether at Ih e lop . lu sed hll'ger 1 ripods of 
long poles to mark offareas Lhal ,,'e rc nol 
cralered.I lied a s i ring arDund th e trllnks 
of tnO'es 0 1\ \dlÎ ch li ch ens had been ulilized, 
1 m ad(' ske tch es of Ihe e nclosed arcas and 
reeorded loca t ions of SpOIS Lo be exami ned 
during the Sllmmer. l co ns tructed three 
c rater enclosures in ]anuary and Februan' 
196i and 12 from 1'\00 ' emb~r 1967 lIntil ' 

:Mav 1968. 
l co ns truct ed one enclos ure of wove n 

"ire mes h in Septemuer 1967 on a heavily 
grazed s ite, and 1 mark ed th e boundaries of 
conspiellou sl)' grazed patches of lichens 
\,' ith blaze-orange pain!. 1 also marked 
gmzed siles out s ide lhe wire enclosme wilh 
stakes and paintlo permit obsen'alion of 
the recove n of 1 he grilzed li chens, and 
sampl ed th e vegel<llioll in s ide the crater 
enclosures similarh 10 th e permanent en, 
closures, with 10 ra ndomly located mi cro
plotsmeasured \,' ilh the20x 50dm frame 
(Daubenmire, 1959). The macro plot \l'as 
20 x 5 m ins tead of the 25 x 5 m sample in 
the p ermanent enclosure. 

,\11 illtrn ::. l, r,I" rra lrrrd silC' in sparsr" spruc{' in 
nlll'l!Jrrll J\ l al~i t flba. Thi ~ is 1,'l licalnr111id \,' iJltrr 

c- ra trf' in g adi\' ily in dr('p ~n rt :-:'1l0W 

1.3. Rumen co nt('nl 5 
Allh ough lhe inlcrprelalion o[ anal

,ses of ruml'n ;;amplps is com pli catcclll\ the 
prnulf'm of diH"erelJ lial diges lion rates (8er
gerud and Russt'll, 196'1) , rum e ll ;;amp ling 
provides quantitatil'e in['ormalioll on rood 
habil s o[ ,,'ild ruminanls. 

1 analy~eJ rumen sampl('s fr om 340 
ca ribou shol illthe st ud\' area for ph ys io
logi ca l and demographi~ Slud)' from 1966 
101968. 1 anahsed ail addilional279 ru, 
mens [rom ca ribou shot on Ih e lundra and 
eco ton e bclwecn tundra and laiga during 
1 he same \ears. 

1 c~\leeted auolli olle 1 i 1 r e of rumen 
conlents from each caribou, mixecl it \,'ith 
either 10 pel' cent formalin solutioll or 95 
pel' ce nL et h,l alcohol and Irans fe rred it to 
the laborato'ry . 1 shonk t hc sample and took 
a lOO-mi s llbsample whi ch T was hed, seived, 
and sOl' ted into th e follolling ca lego ri es : 
(1) mosses and li \'en' oris, (2) 1 IIi gs, (3) 
leaves, (4) grasses and gra ss lik , plants, 
(5) conire r needles, (6) li che ns, and (7) 
mu shrooms. No more than 2 hours \"as al
lowed for thc sorling afler ,,'hich Ih e sample 
\l'as air-dried, weigh ed , and prese rv ed inlO 

A fresh caribou Iraillrading 10 Iw o Larix /aricin.a 
I,-,'cs hral'il,' dalllaged by fef'dillb acti __ il" on ar' 
borr.allichcn s 

per cent alcohol. 1 di sca rded materialun
sorted after the 2-hour limit. 

1 repea ted the ana lyses of t,,·o rumen 
sampI cs, from each winter collec lion pe
riod, to check 1 he eonsisteu cy of 1 he tec h
nique. 1 divided according lo species , genus 
or broader group the sa mpl es of th e broad 
categories: mosses and liverworts, leaves, 
grasslike plants, conifer needles, and 
liehens . 

2. Results 
2.1. Winter forage utilization 

From aeria l observations during Feb
ruary 1967 and 1968, upland, semi-open to 
open sp ru ce s tands appeared to be th e sites 
most frequenll y used by feeding caribou 
during mid \l'int e r (Table 9). Lowland s ites 
eomprising mu skegs, meadows, and grassy 
river and lak e shores receiv ed more use in 
1966- 67 than in 1967-68. Caribou were in 
continuous movement northeast along 
drainage systems in 1966-67 and compar · 
atively s tationary in 1967-68. 

ln November-December 1967, mi
grating caribou were not restri cted to the 
usual routes along water or eskers. Their 

movements we re not impeded by snoll' 
depth or crusl. Caribou \Vere observed 
feedillg mainly at dawn and dusk Olt both 
llpland and lowland siles and on lake and 
s tream s hores. They consistenlly fed durin g 
ea rl)' winter in Eqllise/lImfluviatileand 
Carex aqua/dis communiti es on the shores 
o f s t reams and lakes. 

By February 1967,1 observed ca ribou 
feediltg less a long lake and stream shores 
and more in semi-open upland spruce and 
jack pine stands, though along Ihe Coch
ran e River they still fed eX len s ively on 
Eqnisc/um fluviatile alld Carex agua.tdis. 

At Bonokowski Lake in northeastern 
Saskalchewan 1 saw fe edingactivil y in up
land, semi-open, white birch, aod spruce 
stands and in lowland sprll ce sites where 
eri caceo us plants and terreslriallichens 
l'lere abundant. 1 observed caribou feeding 
at midnight inlate February at the shore of 
Bonokowski Lake and migrating in daylight 
or darkness. They migra led most co nsis
tentl)' du ring the coldesl periods. 

1 n mid February 1968, caribou under 
observation at Hara Lake , Saskatchewan 
migrated steadily nonhward. They fed in 

ea rly morning and early evening though 
s teady movemen ts occurred anytime. Mos t 
fe ed ing \l'as on uplands in semi-open to 
den se spruce, and in ,,'hite birch s tand s on 
islands. By th e end of february, ca ribou 
had become stalionary in the Hara Lake 
area, and daily feeding and resting periods 
became more regular. Caribou fed at similar 
sites as in mid February but 1 observed 
them rcs ling on lhe lake ice m ore regularly 
and for longer intervals after early morning 
feeding periods. 

ln April the hardening of the SIIOW 

cru s t from 2 months of trampling (Parker, 
1972), and the effects of the sun and wind, 
caused a dramalic change in food habits. 
At Hara Lake, by mid April 1968, caribou 
fed almost exclus ive\y on arboreallichens 
and twigs of deciduolls shrubs and trees, at 
midday as weil as in early morning and 
evening. 

By the end of April wh en the s no\\' 
crust had so ftened, ca ribou no longer fed 
on arborea lli chens or browse. Instead they 
fed on terrestriallichens and ericaceous 
plants that became available at thawed 
patches at lhe bases of trees, and on south
em exposures of lake and stream banks, 
and eskers. Earlier in win ter, caribou grazed 
repeal ed ly on the newly exposed foliage 
on soulherly exposed slopes, crate red 
earlier in win ter. As the sno\\' receded \Vith 
each day, feeding activities became more 
fr equent and intense. 

Onl y one animal fed in a crater at an y 
lime and caribou competed for ce rtain cra
ler si tes. In early spring caribou fough t 
with an tiers and forefeet for preferred 
feeding si tes . 

2.2. Feeding craler observations and 
enclosures 
The collecLion of plants from craters 

showed that grasses (Calanza.grostis), 
sedges (Carex), and horse tail s (Eguisetum) 
\Vere slightly more lIumerous than lich ens 
at th e feeding sites used in November and 
Decem ber (Table 10). As win ter progressed 
li chens became the most common forage 
item. Lcdum was the most common woody 
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9 
Perccntagc frc'lucncy of hcavily cratered sites 
ilmong hahitat types ohserver! from the air În Fehru-

1967 anrl1968 

* area. 
t Brochet ~ Hara Lake area. 

10 
Pereentage frequeney of forage items found În 
cratcr and arboreal forage eoll",:tions În early, mi,[, 
and latn 1 967-<iB 

win ter 
November-December 

4 8 

wÎnter 
Feb. 

4 

4 

11 

and lake 
shores 

12 

Occurrence of lichens and vascular plants at car-
ibou sites used inmid and late winter, 1968 

Saskatchewan 

-c::---'.-'~-c---.--.--_ .. -----...... ---_ ..... ~- . ___ . ___________ . ___ ._2_4 * sites, crators. 
2 t 20 feeding sites, 292 craters and 365 trees. 

-0';----;.--;---'-'--. - .. --- ....... -.--~ .... -.__:.c__- .... - .... -----...... -_c:_------.--~.····--·oc t Vacciniurn vitis-idaea \Vas not recorded. 

plant at sites used in February, and Vacci
nium vitis-idaea al sites used in April and 
May. 

Observations of craters and browsed 
trees and shrubs at Ham Lake, Saskatch
ewan from February to May agreed wilh the 
dramatic change observed in caribou feed
Ingo In April-May arboreallichens in
creased in importance while Lerlum, Vacci
nium lIliginoslIm, and Empetmm nigrum were 
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less common in craters than they had been 
in February (Table 11). Empetrum, how
ever, was utilized more by caribou in May 
wh en bare patches appeared in the snow 
coyer. 

In late Fehruary 1967 at Bonokowski 
Lake, Saskatchewan, the lichen, Stereo
cwl!on, appeared to be equally as common 
in fresh caribou craters as Cladina, Clado
nia, and Cetraria. However, no quantitative 

data were collected at that time. On April 
27 and 28,1968, at Hara Lake, a sUfvey of 
cralers revealed that Stereocaulon was pres
ent in 107 craters compared with Cladina, 
Cladonia, and Cetraria in 110 craters. 

The enclosures built on cratered sites 
were in treeless to densely treed areas, the 
latter with trees aged from 35 lo 129 years 
(Table 12). Most were in semi-open spruce, 
but one enelosure (No. 13) was constructed 
at a site in dense spruee where the earibou 
had fed extensively on arborealliehens. 

There was no apparent differenee he
tween Fehruary and April-May periods in 
either the intermediate or ground eover of 
sites used by caribou at Hara Lake, Sas
katchewan (Table 13). Vacciniurn vitis
idaca, Ledum spp., and V. uliginosum, in 

Table 12 
Location, date establishcrl, size, and [orest cover 
of crater enelosures 

order of importance, made up most of the 
intermediate coyer, and lichens and mosses 
made up the living portion of the ground 
coyer. 1 did not observe any exposed turf 
or mineraI soil in the enclosures, but the 
ground cover included much wood and 
liUer. 

When 1 examined sites cratered in 
November-December in summer, evidenee 
of grazing was barcl) recognizable. In Feb
ruary enelosures, lichen forage in individ
ual craters showed some disarrallgement 
and slight li tilization. Stems of Ledum gro
eillandicum and VaccùtÎwn uliginosum, in 
parlicular, showed signs of both trampling 
damage and browsing. In April before sno\\' 
depths decreased and the erust mclted, most 
intermediate and ground eover plants were 
proteeted from grazing and trampling. Cor
ticolous liehens, tall shrubs, and deciduous 
[rees were browsed extensivelv at [hat 
stage. However, when the sno~ erust soft
ened in May there was an immediate return 
to terrestri~l forage, and at snow-free sites 
used during thaL period the boundaries of 
the grazed sites were unmistakable. 

l;~ 

Pcrccntage intermedÎate and ground cover În the 
carihuu crater cnclosures at Hara Lake. Saskatch
ewan 

9 
In termediate cover 

11 12 1.3 14 

'IJI 
1 
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Enclosure [ormed around area cralered bl' caribou 
in the win ter, Hara Lake, Saskatchewan 

Caribou feeding on exposed slopes 
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Poles useoto mark boundary of caribou craler 
inside enclosure al Ham Lake, Saskatchewan 

2.3. Rumen contcnts 

1 combined the plant species found 

in caribou rumens into [orage classes. 
Table 14 sho\l-5 rumen conlents of caribou 

collected in the taiga. 

Using chi-square lests, 1 found no 

difTerences in forage classes used between 

sexes or between CO\l-S in difTerent repro-

ductive conditions. 1 found few significant 

differenc('s bet\l-cen locations \\ ithin sea-

sons. Ho\\ever forage utilized changed 

markedh- a<.:cordi ng to the season. 

2.3.1. Locational changes 

Caribou were usually hlJed on lakes 

at severallocations during each season 

(Mi Ilcr, 1974). l round no significan t differ-

ence (P> 0.05) in rumen contents bet",een 

locations within seasons, except in June 

1967, and April 1967 and 1968 (P <0.001). 
Most caribou \I-ere shot ",hile resting on 

lakes, and their immediatdy previous mo\'e-

ments and feeding werc unknown. HO\l--
ever, some caribou \I-ere observed before 

being killed, and the feeding observations 

agrced c10sely with the rumen analyses. 
Rumen sam pics from nine caribou collected 

in Janu<1rv and Februarv 1967, ",hen they 
were migl"nting J1orlll\l-~rd, suggested a shift 

during a l-lI1onth period from a predom-
inantly lichcn diet on the 10\l-er Cochrane 

River: lvlanitoba to t",igs and leaves at 

Bonokowski Lake, Saskatche\\an. Grasslike 
plants \Vcrc an important forage class in 

rumen samples collected in the Misty Lake 

area along the upper Cochrane River during 
earl v February. 

2.3.2. Seasonal changes 

Analysis of 13 rumcn samples col-
lected in winter 1967-68 suggested that the 

caribou foraged on grasslike plants and 
lichens in early winter, and lichens and 
twigs and leaves of broad-Ieaved shrubs in 

mid and late winler, \,'ith lichens making 

up the major portion of the combined 
sample. 

A seasonal comparison of the sample 
of 545 rumens (Table 15, Fig. 5) shows 

tnarked changes in proportions of the forage 

TableU-
Pereen tag" o('curr~n cc or plants in caribou rumen 
sampiPs. i'\umb~rs in parelltlwscs indicate numbers 
of runl('ns sam pied 

lan_-hu_ 

Plants 1967 

Bry"phyta (I I-) 

Pnlytrirhill 1l1 rnm/111 H l('. 4:~ 

P_ ill/lipcrrllllII 50 

P_l'ilij i'rIll11 36 

Dierarlll1n spp_ 50 

Drcpanoc/adlls Illlcillallls 14 

P/curo:illm schreberi 57 

f-Iy/ocnmiuTn s!'/endells 0 

Pli/ ir/ium riliare 1) 4 

Li,.Jwns (7) 

r:'1adina spp_ LOO 

Cladonia spp_ 43 

St,'reocall/on spp_ il6 

Cctraria spp_ 0 

Dea" podetia LOO 
ss;, ,iPat! pOlktin H6 

Con ifer n('('dl"5 (II ) 

Larix /(/fi âT/a 73 

Pirea 'pp_ LOO 

PillllS hanksiana 55 

Wood y angiospf'rms (12) 

Salix spp_ 0 

neill/a spp_ t7 

Ruhlls chamufmorus il 

Empplflun nig flun 0 

r"r/I/'" spp_ 67 

Loise/el/ria procl/l/Ibans 0 

Knlmia po/ifolia 42 

A r"iromeda l'0lifolia 25 

Chamaedal'hne ca/yClllala 0 

A rcloslaphrlos ru/n a () 

--[;;:-accill Î run flligillo,<wm 92 

V. "'yrlil/uidl's 92 

V. vitis-idaea 100 

Oxycocclls microcarplls 0 

Grasslike plants (10) 

F:ql/isel/UI! spp_ 60 

Collection perioo 
April i'\ ovember 

1\166 1967 1968 1966 1967 
( 19) (20) (2U) (20) (20) 
2t 40 10 4S 25 
16 85 70 70 35 
0 66 20 55 20 

63 95 15 20 .35 
0 25 5 0 5 

58 85 68 20 50 
U 15 0 0 0 

rH. LOO 75 25 50 
(26) (ilO) (72) (135 ) (57) 
96 90 100 LOO LOO 
65 20 54 62 42 
62 96 19 35 53 

0 0 0 4 0 
89 97 100 LOO LOO 
75 82 54 28 30 

(JO) (17) (16 ) (2 :-3) (.3:l) 

50 24 31 il7 S2 

100 100 100 78 100 
80 18 25 9 100 

(16) (16) (16) (L5) -(16) 
0 0 0 0 0 

19 63 50 t3 38 
0 0 19 0 0 
0 6 0 0 6 

75 94 94 LOO 81 
6 0 0 0 0 

31 19 31 47 50 
6 19 44 80 50 
6 0 50 40 6 
6 0 0 0 0 

81 75 19 67 81 
94 38 44 100 88 

100 100 LOO 100 100 
0 6 0 20 0 

(1 5) (8) (15) (9) 
20 L3 100 89 
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classes as the caribou moved through dif· 
ferent habitat types. In the taiga lichens 
dominated the diet, especially in November. 
In April there was significantly (P <0.001) 
less lichen in the rumens th an in Novem
ber, and a significant (P < 0.001) increase 
in twigs and leaves. In rumen col-
lected in November grasslike plants were 
the second most abundant forage item, and 
that finding was supported by observations 
of grazing caribou. Although in April the 
proportion of grasslike plants had signif. 
icantly (P<O.Ol) decreased, by June they 
made up almost half the rumen contents. 
Dominance of lichen forage in rumens had 
significantly (P <0.001) decreased from 80 
pel' cent in November to about 50 per cent 
in April, dropping to about 10 per cent in 
June. The amounts of twigs and leaves were 
similar in April and June, but increased 
significantly (P <0.001) in July, wh en they 
dominated the diet. Compared to June, 
about half as many July rumens were dom· 
inated by grasslike plants and none by li· 
chens. In September the caribou fed in the 
forest~tundra zone, and their diet appears 
to have varied considerably depending on 
the availability of mushrooms. Between 
September 1966 and 1967, there were sig
nificantly different (P<O.OOl) proportions 
of twigs and leaves and mushrooms. 

The seasonal changes in the diet were 
modified by changes f ound between years. 
The rumen analyses that caribon 
use woody plants and grass at about the 
same rate each year, but feeding on lichens 
and mushrooms may vary. Between April 
1967 and 1968, there was a significant dif· 
ference (P <0.001) in use of lichens. Du
ring April, therefo~e, availability determines 
the use ofIichens; in September the use of 
mushrooms depends on their availability. 

2.3.3. Forage selection on taiga 
Cladonia spp. and Cladina spp. far 

exceeded the occurrenee and abundanee of 
either Stereocallion spp. or Cetraria spp. in 
the rumen samples collected from the taiga 
(Table 14). Cladina spp. made up a greater 
proportion of winter rumen eontents th an 
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Figure 5 
Weight of five major forage items found in caribou 
rumens collected in 1966-1968 

5 

0.2 

Cladonia spp., although both genera oeellf· 
red in mos! rumens. Stereocaulon spp. was 
a major component of the contents of sorne 
rumens collected in April. 

Dead pOrlions of lichen podetia oe· 
curred in most earibou rumen samples eol· 
leeted from the taiga, and half of the sam· 
pIes contained 5 pel' een! or more dead po· 
detia (Table 14). The largerproportion of 
dead podetia in the April rumen samples, 
when eompared to November, suggests that 
the caribou were either selecting forage dif· 

m Lichens 

~ Twigs 

~ Leaves 

D Grassl ike plants ... 

~ Mushrooms 

or feeding in different lichen eom· 
munities in the 2 months. The primary li· 
eh en thallus was eommon in both Novem· 
ber and April rumen colleetions. 

VaccÎnium vitis·idaea was the most 
common vaseular plant eaten by caribou in 
the taiga in winter aeeording to the oecur· 
renee of leaves in rumens (Table 14). 
Ledllm spp., Vaccinillm llliginosum and T< 
myrtilloides were also eommon in winter 
rumens. Andromedapolifolia and Kalmia 
polifolia oeeurred more eommonlyin ru· 

i 
i 

* 

mens collected in November and January~ 
February than in those colleeted in April, 
suggesting that caribou fed more frequently 
in muskegs in carly and mid winter. That 
was particularly evident when the relative 
abundance of the two plants in rumens was 
eompared between the three win ter seasons 
(Table 14). 

Equisetum was fonnd in sorne rumens 
eollected in September, but was most corn· 
mon in November samples, and became 
progressively less common in the mid and 
late wiuter periods (Table 14). Jack pine 
needles appeared frequently in November 
rumens, the period when caribou were col· 
lected in the southern portion of the taiga 
win ter range where jaek pine slands are 
eommon. The oeenrrence of tamarack need· 
les in rumens from the three win ter periods 
suggests that caribou feed partI y in lowland 
areas throughout winter. Tamarack is a 
common tree in the transition zone where 
the September 1966 caribou eolleetions 
were made, and was the most common tree 
speeies represented in those rumens. 
Mosses occurred frequently in earibou ru· 
mens, either selected or aecidentally eaten 
with other food. Eight moss species were 
identified in winter rumens and six were 
common in sorne seasons (Table 14). Ptili· 
dium ciliare, however, was the only moss 
weIl represented during eaeh eollection 
period. 
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1. Methods 

Daily 
maximum 

Measurements of the climale, in 
parti cu lar snow charac teristics, helped lo 
determine foraging patlerns of Ih e caribo u. 

1.1. Climatic measurements 
l took climatic readings from 1966 to 

1968 in lhe study area. l recorded temper
alures from lake and coniferous forest sites 
using Taylor maximum-minimum thermo
mcters . 1 placed th e thermome ters about 
1 m above the snow s urface. On lakes, 
l aLlached a th ermomeler to a spruce sa p
ling ancho red in snow at the edge of the 
\Viud shadow and, in forests, to the Lrunk 
of a sp ruce tree. The thermome ters faced 
approximately norlh to prevent direct ex
posurc to the midday sun. l record ed tem
peraLures cver)' morning and evening, and 
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Figure 6 
Daily range o r lempNulures reco rded at si les wilh
in ca ribou range in the taiga du ring carly, mid, and 
late ",illier pcriods, 1967-1968 

Mid winter 
(Feu. 17 - 27) 

Laie win 1er 
(Apr.19-May7) 

during lhe da)' wh en \l'ea lher changes Il'er e 
conspi cuous. l used a Weston dial ed soil 
th ermometer \Vith a 20-cm stem lo record 
air temperatures awa)' from camp and to 
measure temperat ures below the sno\\' over 
ground and lake ice, and periodically to 
check lhe accuracy of the maximum
minimum thermometers. 

l estimated wind speed and direclion 
eac h morning and evening at the same time 
as the tempera tures were recorded. l check
ed es timates \l'ith an anemome ter on one 
winter trip. 

l measu red undisturbed sno\\' depths 
b)' probing at 10 or more points in each 
cover type and measured the hardness of 
snow crusts with an aluminum penetro
meter designed and constructed b)' lhe Na
tional Research Council. That inslrument 

measures lh e press ure req uired, in pounds 
pel' sq uare in ch, for a disc of a known sur
face area to penetrate th e cr us t. l used tw o 
discs, one for light and one for ha rd crusts. 

1.2. Soil anal )'sis 
l coll ec led soil samples from the 

s lud y s iles by extracting a plug from each 
corner and from the center of lh e macro
plot. The Departmen l of Soil Science at the 
Uni versit y of Guelph anal ysed so ils for 
texture and pH and for phosphorus, polas
s ium , magnesium, and calcium con len t. 

2. ResuLts 
2. 1. Clima lic measurements 

The winler climate on Ih e taiga varies 
from year to year, especially the mid ",inter 
cJimate. Between February 18 and 27,1967, 

figul'e j 

Range of SI1O\\' dq)lhs mp-usurco in coyer lypes 
du ring early, mid , and lale \\int er perioos, 1967-
1968 

Figure Î 

Sno,," depth in cm. 
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temperalu res l J'l' l:o rded during field sludies 
rauged bet"-een -43° and -19°C, and 
bel\\een the Same dales in 1968, th e tem· 
peralure ex lremes ,,"cre -43° and - 4°C . 
On l'Ive days of Ih e Jaller pcriod Ih e lem
pera ture rose aboVf' -18°e. 

A compar ison of clail)' lempera lure 
ranges for 1967-68 shows lhal grealer tem· 
perature fluclualions, bolh \1 ithin and be
tween days, oecurred in mid ,,·i nl.er Ihan in 
cilher carly or lai e Il"inler (Fig. 6). Tem
peralures rose above freezing 011 Apri l 12, 
]966, a nd April 24, 1968. The var iatioJl be
lween years in 1 he occurrence of abol'e
freezing lemperalures affects the timing of 
lhawing of lhe S ilO\\' surface. 

The insulaling effecl 01 snoll' is im· 
portanl for Ih e survival of forage planls. 
1 rccordcd lemprral ures of -7 to - 2°C ue-

nealh 66 lo 71 cm o f SIlOW ill.January. 
Eqlliselllmflllviatile, yo ung, green sp rouls of 
Carex aquutilis, li chens, and olher forage 
planls ben ealh th e SilO\\' surface are supple 
at such temperatmes . Temperature of the 
lake ice surface under 50 cm of sno\\' \l'as 
-4°C in Fehruar)' wh en Ih e ambient lem
perature \l'as -32°C. 

The sno\\' was deepesl on the lakc 
s hores, where drifts had accum ulated 
amollg Ihe firsl lin es of Irees and s hrubs 
and in the lee of eskers. 

ln mid "inler, 1967, lhe grealest 
sno '" deplh recorded " as 89 cm at a lake 
shore sile, while 0 11 the sa me clay depths 
on the open lake ranged from 35 lo 53 Clll 
and in scmi-open conifer sta nds from 74 10 

79 cm. In c1ense spru ce s la nd s 1 he branches 
inlercepled mu ch of Ihe sno \\fall il1 early 

i@~]l Lake, be)'ond wind shadow 

~ Lakeshore 

[::::::::::1 Spa rsely lreed to lreeless 

~ Dense eo niferous 

winler, resulling in smalJer depths on lh e 
ground. Sirong wi nds in mid win ter dis
persed Ih e s llOW from Ihe branches making 
depths on the ground in dense spruce sim
ilar 10 th ose of olher habitats (Fig. 7). Prior 
to exlensive lha\\'s in laie winl er, Ih e sno w 
depth on lake and stream shores common ly 
reached 0.9 to 1.2 m. Sno\\' depths in both 
semi-open and dense cover types remained 
sim ilar to those recorded in mid \l'int er, 
but on lakes a sha rp del:rease oceu rred hl 
la le \l'inler. • 

Hard c rus ts a ppea red on lake sno" 
by mid feuruar)' 1968, as a res ult of ,,-ind. 
Large, rouncled or razor-edged drifls formecl 
on lakes during Februar)' crealing an ex
lrelllel)' uneven surface. The hard crusl 
extended inland a shorl dislan ce from lake 
and stream shores; in scmi-open and dellse 
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conifer coyer types the snow surface was 
only slightly harder than in early win ter. 
But by la te winter snow erusts on both open 
and s~mi-opell sites were hard. Strong 
erusts developed on exposed sites when the 
sun melted the surface snow which froze in 
the evening. In addition, sno\\' particles 
disturbcd bv daily feeding and movement 
of caribou fused together to form strong 
erusts. By mid April soft snow remained 
only in lindisturbed, dense conifer sites. 
Cruets deleriorated rapidly by early May, 
breaking down ftrst in the open sites, espe
eiall)' on southern exposures or eskers, 
hills, and steep banks of streams and lakes. 
Crusts formed during cold nights but 
thawed quiekly on sunny days. Snow 
deplhs deereased rapidly in the open during 
that period, but slowly in semi-open and 
dense! \' tl'eed areas exeept around tree bases 
where 'the vegetation beeame exposed early. 

Snow hardness \l'as extremel y im· 
portant to caribou movement; it dietated 
the ease with which they eould l'eed, mi
grate, and escape. ShallO\y, soft snow \Vas 
no hindranee, but deep, soft snow impeded 
movements and excavation of cralers. As 
a crust developed on the surface of deep 
snow caribou moved with inereasing diffi
cult y until it was strong ellough to bear 
their weight. Juveniles \l'ere supported by 
snow with a erust strength of 1,4 to 2.1 kg 
pel' em Z and adults by sno\\' with a crust 
strength of 2.1 to 2.8 kg pel' cm'. Wolves 
walked on snow crusts with a strength of 
1.1 kg per cm 2 and a 352-kg mun wearing 
moeussins eould walk on snow wilh a 
strenglh of 1.8 kg pel' cmZ. 

2.2. Soil analysis 
Soils al s-ludy plolS and exclosures 

were extremely aeicl and ail but Olle of the 
plots \l'as on c~arse sand. Exeept at Study 
Plot No. 10, magnesium and calcium were 
searce. The caribou habit of gnawing cast 
antlers suggests that the calcium shortage 
ma)' be important. 
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Discussion 

1. Snow 
Essential to the assessment of the 

taiga \vinter range i5 an understanding of 
caribou food habits, movements, and behav
iour as re!ated to the \l'inter environment. 
That envÎronment is constantly ehanging 
as a result of seasonal variation ill depth 
and densit y of snow and hardness of crust 
(Formoso;, 1946; Pruitt, 1959). The char· 
acter of the snow coyer determines bolh the 
mobilit v of caribou and forage availabilit y. 
Beealls~ earibouloeate forage beneath the 
snow by smell (Skoog, 1968), snow condi
tion plays an important l'ole in the location 
of feeding eraters as weil as in 1 he number 
of craters that can be dug at any one site 
(Pruitt, 1959). 

In early winter earibou movements 
are nol hind~red by snow. Caribou move 
frecly over their r~nge. Crater enclosures 
showed that they did minimum damage to 
the terres trial f~rage supply during that 
peI·jod. The preferred feeding sites ~lppeared 
to be along stream and lake shores III dense 
stands of Equisetumfluviutile and Carex 
aquatilis. 

As the snow depth inereases caribou 
beeome eonfined to areas with the most 
favourableconditions (Henshaw, 1964). 
The eriticallimit ofsnow depth for caribou 
or reindeer is about 50 to 60 cm (Formosov, 
1946; Pruitt, 1959; Henshaw, 1964). lob· 
served that in about 50 cm of soft snow 
caribou were eonJined to established trails; 
that depth was altained belween mid De· 
cember and mid February and maI·ked the 
eh ange between the early and mid winter 
periods. 

Caribou continue migrating dming 
the early stages ofmid winter; later their 
movements beeome less predietable. rn 
1967 Kaminuriak caribou continued mi
grating until mid April, whereas in 1968 
Ihey were relatively sedentary between 
Fet;ruary und May. Forage use dilTcred be
tween the two winlers although SHOW 

depths were similar. In 1967 migraling car· 
ibou utilized forage along streams, Iakes, 
muskegs, and meadows. Aceessible feeding 
areas along well·used migration l'OU tes re· 
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ceived intense use but for only a short time. 
Longer and more intensi ve use of smaH 
feeding areas was made in 1968 when the 
hercls were more sedentary. Rumen anal· 
yses showed that mosses were consumed in 
iarger amounts and in grenter variety dur
ing mid wi nier] 967 ",hen the herds \Vere 
migrating titan in 1968 when they \l'cre 
more sedentary. This suggcsts lise of di/fer
ent habi lats. Aerial and ground observa· 
tions of caribou feeding eraters du ring Ihe 
two winlers confirmed this. Utilizatioll of 
di/I'erent: habitats during separale win lers 
is an important faetor in detcrmining 
range capaci t ies. 

III Iate win ter when SIlOW erusts had 
formed eari bou adapted Ill' foraging on 
arborealliehells, and on white birch and 
willow along lake and stream shores. Car. 
ibou llsed Ihose sources of forage inl'rc· 
quelltly untillatc winler and thell iuleu· 
sively li nlil spring. The extent of use of the 
above,sllOw [orage depends on the density 
of earibou and the duration of the Iate
winter period. A delay in the softening of 
snow erusts could exteml that period by as 
long as 3 I\'eeks. Caribou beeame relalively 
sedentary eaeh \l'inter when the snow . 
beeamegenerally erusted from thawing 
and frcezillg. 

Caribou return to 11 terres trial forage 
diet during carly spring when the SIlOW 

erust is softened by sun. The crust softens 
Iirst on open southem exposures, especially 
at the bollom of old enlters and on steep 
banks of eskers, alld streams. Snow 
depths diminisl; rapidly at exposed siles 
and caribou seek out bure patch es in old 
eraters. Caribou re-use craters as long as 
Ihe forage remains exposed and boundaries 
of eraters show IIp elearly during the fol
lowing summer. Steep soulh.faeing ex· 
posed bunks also beeome snow-free and 
caribou may use 50 pel' cent or more of the 
terrestrial lichen in t!tose 5mall, local areas. 
They graze hare ballks even more repcatedly 
than old cnllers, and consume ail but the 
S?1allest lichen podelia. They also inten
Slvcly utilize vaseular pIants, espeeially 
Vaccinilll/l, vitis-idaea, Oll the exposed siles. 

A third site thal becomes exposed in early 
spring is the arca at t he base of a conifer, 
called "quamanig" by Pruitt (1959), where 
caribou graze on exposed liehens and vas· 
cular plants. In addition, aeeording to 
summer observations, earibou dig in soft 
snow at the ouler mal'gins of spruee Irees 
011 the margins of"quamanig" and use the 
tallliehens that often grow there. Those li· 
chens are more disarranged than heavily 
eaten, but crater mm'gins are dislinet. Car
ibou begin their migration towards the 
ealving grounds about lhe same time that 
bare patches appear onthe south-faeing 
banks, ,md therefore damage is eonfined to 
a relativel)' small area along migration 
roules. Andreev (1961) stated Ihat mi· 
gral ing reindeer keep strictly 10 areas wh cre 
there arc thawed patehes and food is more 
easil y obtai nable and gradually move north. 
ward as Ihe snow thaws. 

2. Food habils 
SI udies of cralers, eratered sites, and 

analyses of rumen contents collected during 
sprillg ulld early, mid and late winter have 
demonstrated Ihat terres trial lichens are the 
primary forage of eari bou on Ihe taiga win
ter range. However, caribou eall th rive 
\l'ilhout lichens (Palmer, 1926; Murie, 
1935; Skoog, 1968) and normally supple
ment their lichen diel with other plant 
foods. Use of non-lichen forage probably 
Încreases digestibility ofliehens (Seolter, 
1964). Aeeording to Dmri (1960) and Aht~ 
and I-Iepburn (1967) liehens alone are 
Ilulrilionally inadcquate to sustain caribou 
and reindeer for long, but Palmer (1926) 
and Poijarvi (1945) report that under 
prolected conditions reindeer have Ihrived 
on lichens alone. 1 [for no other reasoll 
than abllndance and availability, terres trial 
lichens arc the mosl important winter food 
of the Kaminuriak Population_ 

As \Vas found by Seotter (1967), 
Cladinn liehens made up the bulk of the 
win ter rumen contenls. They were also the 
dominant Iiehen group found on Ihe taiga 
winter range. Cladil/a mitis and Clndùw al· 
pestris were the most abundant species 

found on the stud}' plots. Ahti (1959) 
found Cladina mitis in Newfoundland to be 
"a most abundanl speeies owing to its rapid 
rcgeneration" and he believed it "to be 
the most important food-lichen of the car
ibou." Cladina alpestr!", on the other hand, 
is a less prcferred reindeer forage in Seandi
navia and northwestern Manitoba (Seotler, 
1965e), although in certain areas ofRussia 
aecording lo Kareev (1968) it is "reindeer's 
main lichen fodder during win teL" 

As a preferred caribou forage Stereo
cardon is next to the Cladina spp. on the 
basis of ilS aLundanee in win ter rumen 
samples and uneven dis tribu tions on the 
taiga (Fig. 8). Although there is a possible 
bias in Ihe rumen analyses, as Stereocaulon 
is easily reeogllizable, crater observations 
in April at Ham Lake, Saskatehewan aLtest 
to its importance as late-winler forage. On 
favollrable sites Stereocaulon recovers ra
pidly from caribou ulilization or mechanieal 
disturbanee. [t has a higher prolein content 
than Cladina or Cladonia. Kareev (1968) 
states that Stereocaulon pasclwle in Russia 
"is eonsidered as a good fodder for young 
animais and, in certain cases, included 
among the fattening varieties of foddel' 
plan ts." 

The manuer in whieh caribou use 
terreslrialliehens is importunt. Some in
vestigators (Andreev, 1954; Skuneke, 1963; 
Seot ter, 1964; Skoog, 1968; Pegau, 1968a) 
suggest thall.hey nip off the living portions 
of terrestrialliehcns and lichen recovery 
from such grazing depends on 1 he pel' cent 
of tips removed. [ observed top-eropping of 
liehens only during li limited period in 
spring. Du ring earl y and mid-winter pc
riods the caribou plueks and cals the enlire 
lichen podetium, with exception of the 
dead jelly-like portion. 1 observed this 
method of feeding in eraters and conurmed 
it by rumen analyses. The dead portion of 
the lichen podetium and pal'ticularly the 
black portion of Cladonia wngiferil!(/ was 
common in rumen contents. Even the 
primaI] thallus, whieh is the portion of the 
lichen thal is attached to the substrate, 
\Vas eommon in will ter rumen samples. 
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Figure 8 ' 
A comparison of percentage occurrence of Ihe four 
mosl common lichen gcnera 
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Inclusion of the dead portions oflichen 
podetia as well as the living portions in
creases the poten tiallichen forage suppl y 
by 100 pcr cent (Scotter, 1963). During 
certain periods of early spring, however, 
caribou crop upper portions of exposed li
chens from previously dug craters.Water 
appcars in the thawed crater by day and 
frcezes at night, and the exposed lichens 
lhaw gradually from thc top the following 
day. l observed top-cropping oflichens in 
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this study only during those limited periods 
of carly spring, freeze·thaw conditions. 

Arboreallichens are an important 
source of win ter forage in the taiga, espe· 
cially in periods of extremely hard snow 
conditions during late win ter (Hustich, 
1951; Banfield, 1954; Cringan, 1957; Ed
wards and Ritcey, 1960). Arboreallichens 
probably help to maintain a balaneed rumen 
environment for micro.organisms during 
the period when terres trial lichens are inac-

cessible. ScoUcr (1965h) found arborcal 
lichens to be relatively abundant in north
western Manitoba, and 1 observed them 10 
be more ahundant thcre than in taiga car
ibou ranges of central Alaska. 

Crass·like plants are the major non· 
lichen foragc utilized in Ihe laiga dlll'illg 
carly win ter and occasionally during carly 
spri;lg. Carex aquatilis and Equisetumfluvia
tile are the primary grasslike planls used in 
northwcslern :Maniloba. Carex aquatilis is 
the most abUlldant sedge in the "marsh
lands" ofthearea (Baldwin, 1953). That 
plant provides the richest reserves of 
"undcrsnow" green vegetation for reindeer 
in parts ofRussia (Kareev, 1968), and is 
also considered especiall y importan t to car
ihou in Alaska (Skoog, 1968). Loughrey 
(1952) reported Eqlliseturn hea vily used by 
wintering caribou at a sile in northem Man· 
itoba, and Skoog (1956) reported it hcavily 
used in Alaska at all times of the ycar. In 
parts ofRussia Eqllisetlim is a good win ter 
forage (Aleksandrova and Andreev, 1964) 
where il is ealen green as well as brown 
(Karecv, 1968). Alcksandrova and Andreev 
(1964) staled thal "The ash lS very rich in 
calcium, potassium, phosphorous and olher 
clements of mineraI nutrition." Baldwin 
(1953) listed Eqllisetumfluviatile as "corn· 
mon and abundant on alluvium of the 
Cochrane River and siltcd bavs of Ihe Im'ger 
lakes" in nOrlhwestern":\lallitoba. 

ln mid winter, and more often in laIe 
win ter and carly spring, the major non
lichen forage items include leaves and twigs 
of woody plalltS. Leaves of Vaccinium vitis· 
idaea are the most u tilized although modo 
erale amounts of Vaccinium m'lrtilloides, 
and V. uliginosum are also con~umed. 
Scotter (1965c) obscrved that caribou had 
stripped leaves from Vaccinillm vitis.idaea 
in llorthern Saskatchewan, and he thought 
that i t migh t be an important source of pro
tein. Skuncke (1963) attaches high 
nificance to that species as a win ter forage 
for reindeer in Sweden. Baldwin (1953) 
found VaccinÎllm vilis-idaea one of the most 
common plants in the area he examined in 
northwestern Manitoba. Argus (1966) re· 
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ported il abundant in the area he studied in 
northeastern Saskatchewan. 1 found it to 
bc the mosl common vascular plant in the 
studyarea. 

1 found Ledumgroenlandicum 10 be 
common exeept on well·drained, sandy 50ils 
supporting jack pi ne, and Scottcr (1964) 
also recorded il as a common plant on the 
taiga. Kelsall (1960) described it as a pre· 
fen'ed forage ofbarren-groulld caribou, and 
Simkil1 (1965) reported il as hea vily used 
by woodland caribou in Ontario. ScolLer 
(1964), although he found il in rumen 
samples, suggested that it may be ealen ac· 
cidently. Similarly my rumen analyses do 
Ilot suggest that Ledum groenlandicllm is 
important in the winter diet. Caribou often 
crater in sites dominated Ledum groen· 
landicum, hut 1 helieve lhat the reason may 
he Ihat lhey call detect other forage he· 
neath deep snow more easily in the pres· 
ence of Lcdwn shrubs, and craters are more 
easily excavated there than in sites free of 
intermediate·sized shrubs. 

Woody twigs make up a large portion 
of non-lichen material found in rumens 
although differellliai digestion rates exag· 
gerate their abundance (Bergerud and 
Russell, 1964). Caribou browse white birch 
and willow occasionally throughout the 
winler but especially during late winter 
when a hard SIlOW crust co vers much of the 
range. Twigs of Salix and Betula are listed 
as winter forage for caribou (Skoog, 1968) 
and reindeer (Herre, 1956; Andreev, 1954). 
Simkin (1965) stated that woodland caribou 
in Ontario utilize twigs of Salix spp. and 
Alnus crispa. White hirch, dwarf birch, 
willow, and aIder are faidy abundant along 
drainages, lake shores, and in recent burns 
Ihroughout the taiga. 

ln years when mushrooms are abun· 
dant they may be important in the caribou 
win ter diet. Entire, small mushrooms have 
been found in April caribou rumens and up 
1010 per cent of the contents of Novcmber 
rumcns have been eomprised of mush. 
rooms. Km'eev (1968) stated that reindeer 
in Russia "unerringly deteet and dig out 
the snow-covered shrunken and frozen 

mushrooms." He lisled mushrooms as a 
valuahle, nutritive and vitamin·rich fodder. 
Although mushrooms are not consumed by 
caribou in large quanti ties during the win.~ 
ter Ihey ma y, beeause of their high nutri· 
tional value (Larin, 1951), he a valuable 
supplement to a predominantly lichen, 
protein.searce diet. 

3. Lichen growth 
Because lichens, pl'incipally Cladina 

and Cladonia spp., are the dominan t forage 
of caribou in the taiga it is important to 
undersland how the lichen podetium grows. 
Andl'eev (1954) explains how the Cladina 
podetium passes through three growth 
stages. The first stage is called the grolUth. 
accumulation period whieh lasts an average 
of 10 years and varies from 5 to 25 years. 
There is no dying off of the podetium dur· 
ing that period. The second stage is the 
groluth.renelml period when the podetium 
grows at its highest rate. However, the po
detium dies off at the base at a rate equal 
to the growth. That period lasts a long time, 
eXlending to 100 l'ears or more. The thin} 
stage which may also exceed 100 years, lS 
the podetium degenemtionperiod when the 
podetium dies off at a greater rate than it 
grows. Andreev (1954), Ahti (1959), 
Scotler (1963), and Pegau (1968b) have 
measured growth rates of various Cladina 
spp. by the formula: 

Average ann uallinear 
growth rate of the 
poc!etium 

The average annuallinear growth 
rate (mm) measured by Scotter (1965h) at 
four locations in northwestern Manitoba, 
ranged from 3.5 to 4.3 (C. alpestris) and 4.1 
105.1 (C. rangiferina) , which was slighlly 
less than Pegau (1968b) found on the 
Seward Peninsula in (C. rangiferinŒ). Scot. 
ter (1964), Pegau (1968b), and the present 
study have found considerable variation 
between growth rates of podetia on a single 
site. Factors that probably contribute to 

variation in lichen growth indude: the age 
of the podetium; the capacit y of the pode. 
tium to compete with adjacent podetia; 
prior disturbance by animaIs induding 
man; and site conditions such as substrate, 
drainage, and exposure. Another factor to 
be considered when annuallinear growth is 
used in production calculatiol1s i8 the Hum· 
ber oflateral branches. C. alpestris has many 
lateral branches compared with C. rangi. 
ferina or C. mitis, and could produce more 
forage annually even though the aIlnual 
linear growth rate may be less. 

4. :Forest fires 
The laiga winter range has a long 

history offorest fires (Scotter 1964, 1971), 
and Lutz (1956) mentions that their "l'e· 
pealed occurrence in prehistoric, historic 
and modern time is weIl substanliated." 
Pruitt (1959), Scotter (1964, 1971), 
Thomas (1967), and Kelsall (1968) have 
ail remarked on the vast areas that have 
been burned in caribou win ter ranges of the 
Canadian laiga and stated their conccrn 
about the detrimental effects on caribou 
populations. 

1 t is difficult to locate an area of 
homogeneous coyer of more than 4 hectares 
(10 aeres) in the taiga winter range, partly 
because of the incidence of forest fircs and 
pm·tly due to variahle drainage. Lutz (1956) 
',uote that "lhese differences in species, 
together with the heterogeneity of the part. 
tern ofburning--often more intense bum· 
ing under spruce trees than in the inter· 
vening space between spruee trees rt'suIt 
in a mosaic of vegetation." 1 fonnd the het· 
erogeneity in northwestern ManitQba and 
northeastern Saskatchewan, and \Vatson 
(1962) found it in northcentral Saskatch· 
ewan. Heterogeneity of coyer is important 
10 wintering caribou. Il ensures that forage 
will be available under condi tions of snow 
depth and crust, which vary during (Fig. 7) 
and between winters. Areas that include 
a mosaic of cover types including loafing 
and escape areas, such as lakes and streams 
adjacent to feedingareas, are most important 
to carihou during mid and late win ter and 
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are likely to allract ca ribou co ncen tral ions 
for ex le~ded periods of lime. 

The eslimaled percenl age of land area 
burned annually on a s lud y area in nor lh
ern Maniloba during lh e 12-year period 
1955- 67 as measured from aerial phol og. 
graphs was 0.17 per cent, somewhal less 
lhan Beckel's (1958) es limal e of 0.25 pel' 
cenl for approximalely lh e same m ea during 
lhe 20-yea r per iod 1935- 66 (Table 16). Tn 
conlrasl, forest fU'es burned an es lima led 
0.87 per cent of land area annually fr om 
1940 lo 1955 on a s tud y a rea in norlh
cenlra l Saskat che \fan (Sco ll er, 1964). 
Th ere is a grenl deal more upland in lh e 
Saskat chewan taiga "'inl er range lhan thal 
ofManiloba, and upland ranges are more 
susceplible lhan lowlands lo lighlening 
strikes . Sorne upland siles in both areas a re 
more susceplible 10 lighl ening.caused fires 
than olh ers and burn more freqllenlly. 

Bolh C!adilla alpes/ris and C. fUllgi
ferina are climax li chen spccies that appea r 
in s tands 40 years or more arler a fire, bUl 
there are a n~lmber of important li chens 
like C. lI1ili .\ 1 hat become es lablisb ed ra rlier. 
Figure 4 shows tha 1 slands less 1 han 40 
years conlain ed a s landing crop of terri
colou s lichens equal lo so rn e s tands lwice 
that age, and s tands less Ihall 60 years old 
contained as la rge a erop ns sorne stands 
over 120 yea rs old. S tanding crop of li chens 
may be rela led more lo lhe degree of ca r
ibou utilizalion (illd the se ver il )' of the fll'e 
than to lhe num ber of years since th e pre
vious fire. Th is nppears to be 1 he case in 
enclosures 4,5, and 6 whi ch are in a reas 
that had apparenll)' burned at about lh e 
same time. but sup ported differenl s tanding 
crops of li chens in 1967. The differences in 
standin g crop a re nol reAecled in differ 
enees in per cent li chen ground coyer. 

Fores t fires can improve condilions 
for th e growth of terrestriaJ li chens. Scoller 
(1965b) menlion ed that fir es len d to slow 
the transilion fr om fores t to muskeg lhus 
favouring lichen production and that, 
"Some uurnet!-over muskegs produ ce more 
hchells thall II'cr(: formerl y present." 
Skullcke (1963) sta ted, in conncelion wilh 
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Table 16 
COlll par ison 01 ae ri al ph ologra ph inlerprelalion s 
of samples of ca ribou win ter range in laiga of no rlh · 
cm ~aska l c h pwa n and norlhwcslern Ma niloua 

Source 

Norlh ern Saska l"hew811 

Sco ltcr (l964) pl us 
dala in r.WS r,l cs 

Norlhw~s tcrn Maniloba 

Bedet (1958) Presen l work 

Film Bla ck an d whil e Bl ark allJ whil e C(liour 

Pho lop; raph ::ka le 1 :SO.OOO t :60,000 1: l 5,840 

Year phOIO(!;rnphed 1955 1955 1967 

Tolal ar~a (sfI km) 12,727 Il ,432 \2, 106 

9,260 9.1l27 

14 19 
Lalld area (sq,...:k.:..:'I;.:.n,-l ____________ .:..9.:..:,6~7~3--------"-_;_;:_-------___;~ 
WalN area ',é 24 

ll pland arra (sq km) 8, t69 5,11l5 5,406 

Area burn ed (st] km) 1,26l (1 S yr) ,lM 120 ~-r) 192 (I2 yr) 

Area burn erl (',',) l 3 5 2 

Area burned annually (%) 0.87 0.25 0.17 

th e Ibird s lage ofli chen grow lh ",hen the 
li chen mat is repla ced by mosscs, Ihat forest 
fir es "ean eve ntua ll y lead to regeneralion, 
th a l is, 10 th egrowlh ofn ew li chen plants ." 
Rowe and Sco ll er (1973) also mentioned 
thal in th e so ulh ern limit of \l'iuter range 
of bnrren.ground ca ribou, fires sometimes 
make land more prod uctiv (" of telT("s lrial 
li chens and other forage plan ts by remov ing 
ea rpets of bryophytes. 

Th e accu mulalio n of needl es under
Il ea lh old conife r trees favours th e growth 
of vascular plan Is such as Vacci /l.iuln vit is
idaca, Empetflll/l nigru III, a nd A rClostap/q los 
ll ua 'lIrsi as weil as mosses. Firc's cou Ici " It er 
lhal condit ion in favour of li chen gro\\,th . 

Concernin g the effecl s of forest rires 
on soil , Lutz (1956) beli eved tha t it wou Id 
be " impossilJle to prove" tha t so il des tru c
ti on or dele riornlion occurred 0 11 lhe major
it y of burns in Alaska. He mpnti oned lha t 
there is usuall )' a "red ucti ou ofso il acidit y" 
afl er burns, a large increase of"exchange· 
able calc ium in Ihe upper la yers of min eral 
so il, " an increase in lhe "ava ilabilily of ni
trogen lo vege tntio n" and tb nt, " fir es quick-
1)' makeava ilable th e nutrient materials 
bound in organic matt er." Even du ri ng th e 
ea rl y yea rs afler a forest lirc, ea rl y in vade rs 
such as fireweed (Ep ilobiwlL spp.), Vacci
nium spp., grass (CaLamogro.\tls cUlLadensis) , 
and sucker growths ofwhile birch are po
tential forage for ca ribou. 

5. Condition orrange 
Car ibou alTecled th eir laiga ,,'inl er 

range lilll e during thi s s tud )'. Rumen ana l
"ses and fi eld obs(" r\'a li ons ha ve sl)()", n that 
~ariboll ulilize forage acco rding 10 ilS 
availabilit )' , whi ch d("pe nJs Ihroughou t 
\l'int er on SilO '" dcpth and condition. Tha t 
rplationship cns llres agains t ovc r utiliza li on 
of an)' forage spec irs ove r a \\ide area. In 
addil ion, such forages as grasslike plants 
and mushrooms are an nuai crops \\'hich ap
pea r unalIec lcd by ca ribou utilizalion. Vas
cular plallts sueh as Vacci/li/ln/ vi/i s-idaea, 
Sali.\" spp., alld lJe/u{u spp. recover rapidl y, 
alld l saw no signs of permanenl damage 
fr om brows illg. Li chens, because th ey grow 
more slowl )' 1 hnn vascular plants, \l'ould be 
expec led to show th e efTec ls of ca ribou use 
more than oth er plallt s. However [ observed 
110 damage to li chen slands uscd by ca ribou 
in lhe presencc of a compl ete snow coyer. 
According to stand ing crop ca leulalions of 
terres trialli chens and lhe percentage co ver
age of lichens in the ground cover, n la rge 
reser ve of potelltiallichen forage ex ists in 
lh e taiga. Th ere is a lso a large reserve of 
potential arboreallichen forage, Sco lter 
(1965c) . 

Caribo u ca n damage li chen stands 
10eally during the sprin g migra li on when 
lichens become exposed 011 so uthern ex
pos ures of eskers, and stream and Lak e 
ban ks. Repealed use of li chens on such 

sil es has result ed in Ihc es tablishmen l of 
dense slands of Arc/os/flph ylos lI va·ursi and 
Empc/rtilII lIig fll1ll . Lichens a re sparse and 
small if presenl ni ail. Th (" ph enomenoll 
cn n be observed on esk(" rs and stc("p lak e 
and s lream banks in mu ch of northern 
Maniloba, ("s pec ialh in lh e for es l-tundra. 

Slrrcoulli lolI is an impor lan l li chen 
compoli ellt ill Ih (" ca ri bo u "' inl er di et, 
a llhough it is un evenh- di slribuled nnd 
relal ively scarce compared ,,' ith ClIle/oI/Ia , 
Cladil/((, or Ce/renia (hg. 8). SlereoCi/l/ /oll 
recov('l"s from graz ing more readily Ihan 
Clat/ollifl , CI((dill((, or Cc/mri((. Ritchi e 
(1959) sugges ted th al S/creoCllll/oll mighl be 
an indi calor of ol'er-usc b" ca ribou. Sco tl er 
(1965b) agreed in pari "iih Rilchie lhat 
th e ab undance of S/crcocoll/Oll on som\' 
s il rs ma)' bc th e res ull of inl ensi\'eg razing 
by caribou. Sco ll r r suggesled, howe\"(>r, 
tha l in sorn e sit es moisi ure ,,'as lhe ca use of 
Slcrl'ocul//oll domin ance. MI' observai ions 
support 1 he id ea of a l'da 1 ioush ip bel \," efn 
ca ribou grazingand SlcreOca l/!oll abundance 
espec iall y in respeCllf) in lens i\'e use of 
exposE'd li chen s lands in car ly spring. 
Sm,,]], pure, or nea rl y pure s lands of 
SlercoCflll/nli are occas ionall y enco uill ered 
on sparsely lreed si lE'S on soulh (" lïl s lope" 
ofinhabilcd caribou range, but l hav (' nol 
obsPrved lhem on similar s il ("s imm f -
dialeh· 10 Ih e so ulh of ca ribou rang\'. 1 
b("lie\T lhat, converse h', 111(' presence of 
pure s lands of climnx li chens, Cladil/a 
a{pcslrlsn nd C. rOl/g l}cril/((, indical es lha l 
there has nol been more tha ll li gh l recenl 
use by ca ribou. 

l have observed 110 laller or more 
continu ous coyer of Icrres tri a llieh (" ns on 
"'arilJO Ll and reilldee r ranges in Alaska and 
Quebec Ihan in norlhwcs tern Man il oba 
and nor ll was tern Sas kat che \ql ll. One 
explanal ion for lhe fa voum bic co ndi 1 ions 
of li chen stands on Ih e Manitoba and 
Saskalchewan ran ges iSlhallhry arc used 
only in \\ inl er when 5 110'" coyer minimi'œs 
lhl' cfTec ls of grazinga nd Irampling. Pruill 
(1959) has commcnt ed on Ih(' prolcclive 
influence of sno\\" cm'e r and co ld lemp E' r
aturE'S on forage stands used by caril)ou, 

Lu sh terrrs li aili ehen gr"w l" " ~tween malure 
spru cp. Nole Ih e rcd ur lion or vasçular planls 
be l "' ~r ll lrces and the in crcase ben ea lh lrees 

and Pegau (1970) has sh",\ Il the dClri-
men laI influ ence of grazi nga nd Iram pling 
by reindeer during Ill(' SLimmer on Alaska 
li chen ranges. Deep tra il s fr ee of "f'getation 
on ridgcs and so ul hem s lopes in norl hcm 
Man ilol.w and Saskalch('wiln allest 10 Ihe 
efl"ec is or 1 ramplillg on sno\\' fr ee sit ("s. 
Anoliler fac lor, pe rhops more impor lanl , 
fa\'ouring li chens innorlhrrn Maniloba 
and Saskal che"'a n is Ihallh r growing 
condili ons favou r th em over vascu lar 
plan ls. Lich ens can tol("ra te periods of 
dess ical ion on the predominnnt 1)' sa nd y 
soi ls betlcr lhan vascular plants and mosses 
(A hli and Hepburn , 1967). 

6. Capac ity of the taiga range 
IL is difficult to csl ima te ca rrying 

capac il y of the taiga range bccatlse ca ribou 
use il differr llll y ea ch winter. The Ilumber 
of car ibou lhat ent er Ih e laiga va ri es fr om 
year lo l'car as does Ih e time th e ca ribou 
spend there. T heil' dis lribuli on, densil y, 
and food habi ts va ry according tCl S Il OW 

co ndilions . Howev("r, by calclllalions based 
on reind eer ranges wilh knc)\\"n s locki ng 

rai es ove r ex lended periods of lim e, Poi
ja rvi (1954) and Andreev (1954) in Russia 
and Sk unck e (1963) in Sweden, estimal ed 
th nl 8 hec tares (20 ac res) of li chen range 
\l'ere req llired lo sustain each reindecr 
during \Vinler. Helle (1966), who COll· 
sidered Ihe effects of snow on ava ilabilil y 
and uliliza ti on of forage, cS limat ed that to 
to 15 hectares (25 to 37 acres) of li chen 
win ter range were needed to support enc h 
reindt:er in Finland. " Reindecr" li chens 
grow on the nve rage of3 lo 5 mm ann lla ll y 
in foresl zones ofFinland , which is simil ar 
to northwestern Manitoba (Sco ller 1965c). 
Therefore by ex trapo la ti on from R elle's 
fi gures (10- 15 hec taresjrei ndeer j winlcr) 
th e 12,113 km ' -area in norlhwes tern Mani· 
to ba assesscd from co loured aer ial ph Olo
graphs cou ld support 36,000 1053,000 
ca ri bou on lhe 5,407 km ' of upland r("gions 
lha l had nol burned in lh c pasl20 years . 
By eX lrn pola ling Ih e proportion of upland 
li chen range nol burn cd in th e past 20 
l'cars 10 thc enlire 121,70/1 km ' laiga ran g(' 
(Parker, 1972) "'e can es limale carryi ng 
capac it y a t 360,000 caribou. T hal eS limalc" 
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which precludes caribou use of non-lichen 
forage as weIl as lichen forage on aIllow
lands and on uplands which had burned 
less th an 20 years ago, is over 500 per cent 
greater than the 1968 estimate of the 
Kaminuriak Population (Parker, 1972). 

Parker (1972) showed that during 
4 months in the winter of 1967-68 sorne 
50,000 caribou rcmained within an area of 
9,303 km 2 for a density of 177 caribou per 
km 2

• My visu al observations within that 
area during February and again in April to 
May 1968, along with summer observations 
of crater enclosures, showed that less than 
25 per cent of the terres trial lichen range 
had been grazed or trampled. A year later 
only the most heavily grazed spring craters 
and southern exposed banks comprising 
about 10 per cent of the lichen rangc used, 
showed little or no vegetative recovery 
while the remaining 90 per cent showed 
rapid regeneration. Southern exposed 
banks, which had sustained intensive use 
by caribou during spring 1968, supported 
an active growth of primary lichen thaIli 
in July 1969. In addition, many of the 
fragmented podetia in the spring craters 
used repeatedly by caribou had become 
anchored to the substrate and showed 
growth by July 1969. 

Skoog (1968) observed that caribou 
used only two per cent of a feeding area 
during February to March in a heavily 
used part of Alaska. He stated of Alaskan 
caribou that, "there is little evidence to 
suggest that grazing itself has caused much 
damage," and goes on to say that "Most 
range damage can be assigncd to the 
·effects of trampling and trailing." The 
above is consistent with the restriction of 
damage found in the present study to 
lichen stands that first bec orne bare in 
spring. Caribou sometimes suffer from 
unavailability of food under certain snow 
conditions. But it seems doubtful that 
under present conditions of caribou num
bers and vegetation that such unavail
ability is related to the total forage reserves 
or the effects of fires on them. Snow char. 
acteristics on the taiga as weIl as influencing 
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availability offorage alsoaffect the vul
nerability of caribou to predators, including 
man. The fact that in sorne years the 
majority of caribou in the Kaminuriak 
Population have wintered on the tundra 
also suggests that dependency on taiga 
forage supplies is minor at present pop
ulation levels. 

i 
Summary 

The taiga win ter range of the 
Kaminuriak Population is in northern 
Manitoba, northeast Saskatchewan, south· 
east Mackenzie District and southwest 
Keewatin District. 1 studied portions of 
northwestern Manitoba and northeastern 
Saskatchewan during this investigation. 

The winter range in northwestern 
Manitoba is roughly 20 per cent water, 40 
per cent lowland and 40 per cent upland. 
Lowland areas include 80 per cent muskeg 
and 20 per cent rrieadow whereas the up
land is 80 per cent spruce and 20 per cent 
jack pine. The upland areas are primarily 
semi·open to open lichen woodland. Be· 
tween 1955 and 1967, according to aerial 
photograph interpretations of the same 
9,200.km'land area, 192 km 2 or 2.1 
per cent of the area burned in 47 different 
forest fires. 

Terrestriallichens covered 50 to 90 
per ccnt of the ground at 6 caribou en
closures and 23 of 25 study plots located in 
spruce, spruce and jack pine, and jack pine 
coyer types. Cladina lichens, primarily C. 
mitis and C. alpestris, were the most abun· 
dant in the plots and exclosures. Cladonia 
spp. mai nI y C. gracilis, were common bu t 
only occasionally abundant. Cetraria li· 
chens were common but not abundant, 
whereas Stereocaulon and Peltigera lichens 
were neither common nor abundant. 

The standing crop of terres trial li
chens at the study plots and enclosures 
ranged from 2,000 to 7,000 kg dry weight 
per ha at ail but two plots. The protein 
content in lichen samples ranged from 3.20 
per cent in Cladonia spp. to 16.26 per cent 
in primarily Stereocaulon paschale samples. 
Stereocaulon samples also contained a higher 
amount of energy than Cladonia, Cladina, 
or Cetraria samples. 

Lichen rcgeneration of primary thalli 
on artifically denuded 1_m 2 plots occurred 
on aIl plots after three growing seasons and 
covered from 10 to 75 per cent of the plot. 
Secondary thalli or podetia appeared on 66 
per cent of the plots after threc growing 
seasons. Primary thalli and in one instance 
a podetium were observed on caribou pel. 

lets after three summer growing seasons. 
Removal of the stems and leaves of Ledum 
groenlandicum stimulated lichen growth 
whereas removal of only the leaves did not 
show a change in lichen growth. 

Caribou rumen analyses showed that 
terres trial lichens, primaril y Cladina spp. 
and to a lesser extent Cladonia spp. made 
up the bulk of the win ter diet on the taiga. 
Stereocaulon was also an important food, 
especially during April according to a corn· 
parison of its abundance in rumens and its 
occurrence in the taiga. Twigs and leaves of 
woody plants as weIl as grasslike plants were 
also important win ter forages, and mush
rooms were eaten when encountered. Sea· 
sonal a vailabili t y appeared to dictate forage 
use by caribou after early win ter. 

The availability of forage depends on 
the depth, density, and crust hardness of 
snow as weIl as the proximity of travel 
rou tes, and trecless loafing and escape areas. 
Forage availabili ty does notlimit use in early 
win ter, bu tas soon as snow depths reach 
about 50 cm various sites become unavail
able. Equisetum fluviatile' and Carex aquatilis, 
preferred forage during the early winter, 
become less availablc in mid win ter along the 
drifted shores of lakes and streams. Caribou 
remain close to loafing and cscape areas 
and therefore make little use oflarge areas 
of continuous tree coyer. In late wintcr 
with thc lengthening of day-light hours a 
crust fOl·ms on the snow and caribou change 
to a diet of arboreallichens and woody 
browse. As soon as the crust softcns caribou 
return to a diet of terres trial forage using 
south exposures of stream., lake-, and esker 
banks as weil as old craters on exposed 
upland sites. In addition, the boles of coni· 
fer trees become exposed and are heavily 
used. Crater enclosures constructed during 
the early, mid and late win ter and spring 
periods showed that the late win ter and 
spring periods were the only time that the 
caribou damaged their forage stands. In late 
win ter, arboreallichen and woody browse 
crops \Vere depleted locally and in spring 
the terres trial forage crop was depleted on 
exposed sites along the migration routes. 

The heterogeneity of plant coyer in 
the taiga of northwestern Manitoba and 
northeastern Saskatchewan makes it weIl 
suited to sus tain caribou use during the 
win ter season because it offers caribou a 
wide range of depth, density, and hardness 
of snow. Forest fires help to main tain the 
heterogeneity. 
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